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INFLUENCE OF ELECTRICITY UPON 
PLANTS. 

WE owe to the kindness of Mr. Maseart, the learned 
professor of the College of France, the data that we 
now present to our readers, and which are a résumé of 
the labors of Mr. Selim Lemstrom, professor of physics 
at the University of Helsingfors, 

After the discovery of atmospheric electricity, a 
study of its role in the economy of nature was begun, 
and attention was soon paid 
to its influence upon plants. 
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ments in the garden of a convent at Turin, and which | spheric electricity with others protected from its influ- 


consisted in stretching wires over plants. 


that the plants drooped under the wires and revived | were from 10 to 13 em. 


again as soon as the system of wires was removed. He 
judged that the wires prevented the atmospheric elec- 
tricity from reaching the plants. 

In 1787, Ingenhouss, a botanist, aftera series of ex- 
periments, denied that electricity had any beneficial 
influence upon plants. As he was a high authority 
in his time upon questions of vegetable physiology, at- 


He found | ence by iron cages made of wire gauze, whose meshes 


Mr. Grandeau drew the fol 
lowing conclusion from his experiments: (1) Atmo- 
spheric electricity exerts considerable influence upon 
the production of vegetable matter. Ali things equal, 
plants will develop better everywhere where they are 


| exposed to the action of atmospheric electricity. 


2) Plants protected from the action of atmospheric 
electricity have, in the same space of time, given from 
50 to 70 per cent. of vegetable 

material and from 50 to 60 per 





Von Maimbray, of Edin- 
burgh, seems to have been the 
first one who oceupied him 
self with this question. His 
experiments date back to 
October, 1746. They were 
very modest, consisting as 
they did merely in submit- 
ting two myrtles to the influ- 
ence of electricity. The re- 
sult was favorable. The two 
plants grew vigorously. 

Abbot Nollet made a series 
of experiments, and found 
that electricity favored evapo 
ration. 

At the same time that 
Maimbray was experimenting, 
Jallabut, at Geneva, Bose, at 
Wittemberg, and Abbot Mi- 
non, at Stuttgart, were de- 
voting themselves to experi- 
ments that gave the same 
favorable result. 

During the following years 
there were few experiments 
made. The question was 
taken up again in 1783 by 
Abbot Bertholon in his work 
entitled ‘‘Conecerning Elee- 
tricityin Plants.” This work 
is divided into three parts. 
In the first two he gives the 
result of his experiments, 
which established the fact 
that electricity was favorable 
to the development of plants ; 
in the third, he describes 
principally two kinds of in- 





Fia. 


struments that he had constructed for furnishing elec-| tention was thoroughly awakened. 


tricity to plants, and which he calls ‘ electrovegeto- 
meters.” The first consisted of an insulated metal rod 
carrying points directed upward, and provided with 
an arm having points directed downward. The second 
electrovegetometer was more complicated. It con- 
sisted (Fig. 1) of a cart, whose bottom, F, was insulated. 
A man standing on the bottom of this cart, which was 
drawn over the field by a horse, held in his hand a; 
watering pot, E. By means of a conducting wire, A, | 
wound around a bobbin, B, fixed to the bottom of the} 
cart, the man was capable of putting himself in com- | 
munication, through a wire, D, with the conductor of | 
an electric machine, and was thus able to furnish elec- 
tricity to the plants that he was watering. 

At this same period, Gardini was making experi- 
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New experiments 
were made and contradictory results were obtained. 

Among the partisans of the influence of electricity, 
we find Von Carmoy, D’Ornoy, Vasali, of Turin, 
Rozieres and Bilsborrow (1797). 

_ found that the influence of electricity was 
null. 

Humboldt remained in doubt, and so did Sennebrer 
(1801). 

Reuter, Bischoff. Forster and Solly made experi- 
ments that gave different results. 

The question, then abandoned for a period of thirty 
years, was taken up again in 1878, by Messrs. L. (#ran- 
dean, A. Leelere and E. Celi, 

The object of Mr. Grandeau’s experiments was to 
compare plants fully exposed to the action of atmo- 





cent. of fruit and seed less 
than plants placed in ordina- 
ry conditions, that is to say, 
to which electricity has free 
access. 

(3) The proportion of albu- 
minous substances does not 
appear to depend sensibly 
upon the influence of elec- 
tricity, while plants that are 
protected from it appear to 
contain less water and more 
mineral substances. 

(4) Tall plants have a harm 
ful influence upon the devel- 
opment of plants that grow 
at their base, not only by de- 
priving them of light and 
heat, but also because they 
absorb atmospheric electrici- 
ty at their expense. 

Mr. Leclere, who was mak- 
ing some experiments at the 
same time, reached identical 
conclusions. 

Shortly afterward, Mr. Celi 
couununicated to the Acade- 
my of Sciences the result of 
his experiments in the same 
direction. His mode of ope 
rating differed essentially 
trom that of Mr. Grandean, 
although his researches were 
likewise directed upon atmo- 
spherie electricity. He took 
two bell glasses of the same 
size (Fig. 2), and under each 
of them placed a flower pot, 
A A’. These pots were filled 
with earth of the same nature, and in each of them he 
sowed three kernels of Indian corn of the same weight, 
which he watered with the sawe quantity of liquid. 
The air was constantly renewed under the two bell 
glasses by aspirators, F F’. One of the glasses was 
arranged as follows : 

An aperture at the top gave passage to a wire that 
ended within the glass, at P, in radiating points. 

Outside of the glass, this wire was in communication 
at C with an insulated metallic vessel, B, placed two 
meters above the bell glass and filled with water that 
flowed out through a very fine aperture. Through 
such flow, the vessel became electrified with the same 
electricity as the air, in most cases positive. This eleec- 
tricity was led to the small crown of points. and was 
thence dispersed in the air which filled the bell glass. 
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The kernels of corn, planted on July 30, 1 began to 
germinate on the ist of August. Three days after 
germination, it could already be seen that the plants 
under the electrified bell glass were growing faster than 
the others. 

On A t 10, the height of the plants was as follows: 
in the electrified air, 17 centimeters ; in the non-elec- 
trified air, 8 centimeters. The result was therefore 
favorable to agg 

However, in 1879, Naudin, after some experiments 
made in metallic cages, put in doubt the influence es- 
tablished by Grandeau. 

The contradictory results obtained , A predeces- 
sors did not discourage Mr. Selim mstrom. In 
several voyages to Spitzbergen and Lapland he re- 
marked that the small number of plants that resist 
nocturnal frosts during the short polar summer de- 
velop with an astonishing vigor, exhibit a singularly 
bright color, and, if they are cereals, yield an abun- 
dant harvest. 

Supposing that the electric current of the atmosphere 
is the cause of the phenomena observed in the plant 
world, and that this current is stronger in the polar 
regions (which also would render its effects more sensi- 
ble), he judged that there were powerful reasons for 
submitting the question to study, and resolved to in- 
stitute a series of experiments. Those experiments 
were on electricity obtained artificially, so that the 
ozone produced by the current was communicated to 
the plants in the most practical manner. In all the 
experiments, an insulated system of wires provided 
with brass points was stretched over the plants, and 
was put in communication with the positive pole of a 
Holtz electric machine, and the negative pole was con- 
nected with the ground. 

3. iments in the Physical Laboratory of the 
University of Helsingfors.—Six flower pots containing 
earth of the same nature were placed in each of the 
three compartments. Four seeds of cereals as near 
alike as possible were sowed in each pot. In compart- 
ment I. the current passed from the air to the plants ; 
in compartment II. it passed in the opposite direction; 
in compartment III. no current passed. 

The electric machine was kept in activity for five 
hours — day. At the end of six weeks the develop- 
meat of the plants in compartments I. and II. was 
greater by 40 per cent. than it was in compartment IIT. 
There was no appreciable difference between the plants 
in compartments I. and IL., in which the electric cur- 
rent was in opposite directions. It must be concluded 
from this that the supposed difference in the action of 
positive and negative electricity does not exist. 

2. Haperiments in an Open Field in the Domain of 
Niemis (1885).—An insulated system of wires was 
stretched over a field of barley from the middle of June 
to the beginning of September. The wires, which 
were 2 mm. in diameter, were fixed to poles provided 
with porcelain insulators. The interval between the 
wires was one meter, and atevery half meter there was 
a metallic point. The system was put in communica- 
tion with the itive pole of a four-disk Holtz machine 
that charged feel, and the negative pole of which was, 
as customary, connected with a small zine plate buried 
in the earth. 

In the room in which the machine was located, a fire 
was lighted in damp weather to keep the air at the 
necessary degree of dryness around the machine. 

The machine was run for eight hours a day. 

The crop was increased by a third in the electrified 
part of the field. 

8. Huperiments in the Fields of the Horticultural So- 
ciety of Helsingfors (1886).—The metallic system pro- 
vided with points was here arranged in such a manner 
that there was a point at every square meter. The 
system was connected with the positive pole of a ma- 
chine whose negative pole communicated with the 
ground. A second wire led into a hothouse in which 
there were a few potted plants, strawberries among 
others. The machine was in operation eighteen hours 
per day. 

The experiments were upon the following plants: 
White beets, red beets, potatoes, radishes, parsnips, 
leeks, carrots, white cabbages, etc. 

During the course of the suumer it was impossible to 
see any marked difference in the appearance of the 
plants of the experimental fields and the others, but 
the crop when gathered showed a great difference. 
Certain species had been more favored by the electri- 
city than others. Upon one alone, the white cabbage, 
the electricity had bad an unfavorable influence. 

In the hothouse the maturity of the strawberries was 
froatly advanced by the action of the electric current. 

his result is of great interest, and, as it has since been 
confirmed, it may serve to give an idea of the mode of 
action of electricity. 

4. Hxperiments at Brodtorp (1887).—As in the pre- 
eeding experiments, a system of wires provided with 
_— was stretched over the experimental field. 

hese wires were supported by poles, E, E (Fig. 3), and 
fixed to ebony insulators of a special type. The poles 
were spaced 16 meters apart, and were connected by 
av iron wire 0°001 m. in diameter. Over the frame thus 
constituted, wires 0'4 mm. in diameter were stretched at 
intervals of 1 meter. There wires carried a poi : 
every meter. 

The electric machines were installed in a shed put 
pda 5 this purpose, and provided with a fireplace, in 
which there was almost always a fire, in order to 
maintain a proper degree of dryness, 

These machines, four in number, were connected by 
belts with one shaft in common, C, provided with four 
pulleys, one per machine. The whole was actuated by 
two men through a pulley, B. 

The result was a large crop, exceeding, by nearly 
half, the portions not submitted to electrification. 

A remarkable circumstance had again confirmed 
these conclusions. In 1886 the wheat crop was so fine 
at Brodtorp that no better could ibly be expected 
there ; and yet the experimental fields in 1887 gave an 
excess of 28 per cent. per square meter over 1886, 

From his various experiments, Mr. Selim Lewstrom 
draws the following conclusions : (1) Plantsare divided 
into two groups. One, the development of which is 
favored by electricity. comprises wheat, rye, barley, 
oats, red and white beets, parsnips, potatoes, celeriac, 
beans, raspberries. strawberries, and The other, 
whose development is more or less interfered with by 
electricity, comprises peas, carrots, kohirabi, rutaba- 


gas, turnips, white cabbages, and tobacco. (2) The|™ 
more fertile the soil, and consequently the more vigor- 





ous the vegetation, the greater the excess of the crop 
under the influence of the electric current. 

It will be remarked that the preceding experiments 
were made in Finland; it remained to diseover whether 
the same results would be obtained by following the 
same method upon any spot of the earth whatever— 
in other words, whether the effect would be the same, 
whatever the latitude. 

To ascertain this, Mr. Lemstrom came to France in 
March, 1888, and was presented by Mr. Mascart to 
Baron Thenard, who authorized him to make some 
experiments upon the grounds of the Chateau of La 
Ferté-en-Bourgogne, and in his Givry vineyards. 

If we compare the results of the experiments made 
in Finland and Burgundy, we find that: (1) The 
effect of the electricity produced by the Lemstrom 


method remains the same in the two localities, whence | parti 


we are authorized to conclude that this effect is the 
same at all points of the globe; (2) when the sun is hot, 
it is necessary to interrupt the afflux of electricity (at 
least at noon), for the combined influence of a scorch- 
ing sun and electricity is injurious to vegetation. 

ta to us that it would be of interest to con- 
tinue Mr. Lemstrom's experiments. If some one suc- 
ceeds in giving precise prescriptions fora large enough 
number of plants, electricity will then be able to be 
employed with success in the market garden cultures 
around large cities, and in hothouse culture, which is 
now —— developing.—H. Furjas, in Les Inventions 
Nouvelles. 








THE WORKING OF AN ELECTROLYTIC 
COPPER REFINERY.* 


By Dr. G. Gorg, F.R.S. 


THE entire economy of working depends essentially 
upon cheapness of motive power and minimum in- 
vestment of capital, and nearly every attempt to im- 
prove the process, in the direction of such economy, 
involves a choice between two evils. For instance if we 
try to save horse power by enlarging the electrodes and 
adding to the number and size of vats in series, we 
rapidly increase the loss of interest upon capital ex- 
pended in stock of copper, solution, plant, working 
8 , ete. If we increase the density of current with 
the intention of working more rapidly with the same 
stock of copper, solution, etc., we increase the loss of 
ene by causing polarization, and run a risk of de- 
positing impure copper. And if we attempt-to diminish 
the resistance by placing the electrodes nearer together, 
or by quickly stirring the solution, we get dirt upon 
the cathodes, or short-circuiting occurs ; and if we en- 
deavor to decrease it by considerably heating the 
liquid, we —— increase the chemical corrosion of 
the deposi metal, and quickly alter the chemical 
composition of the liquid ; or if we diminish resistance 
by large additions of acid, we promote chemicai cor- 
rosion, polarization, and separation of a 

Difference of potential required is a large element in 
the economical deposition of copper. While the same 
number of amperes of current passing through the or- 
diuary solution deposits the same amount of copper in 
all cases, the necessary degree of difference of potential 
to overcome resistance, etc., varies in different cases 
and the greater this difference, the larger the cost: 
double the potential requires double the motive power. 

It is desirable, therefore, to lower the difference of 
potential as much as ible by diminishing the re- 
sistance throughout the circuit, and by avoiding all 
polarization and counter electromotive force. 

The degree of electromotive force required varies 
with every different kind of solution, and consequently 
of anode. It varies according as the anode is com- 
posed of pure copper, “black copper,” or “‘ copper 
matte,” and whether the anode is clean or covered 
with an adhesive badly conducting coating ; it is also 
much greater when gas is evolved at either electrode. 

Influence of Impure Anodes upon the Liquid.—I will 
only speak of some of those substances which are more 
or less likely to be present in ** black copper,” ** pimple 
copper,” “ Chili bars,” “ blister copper,” containing 
from 89 to 98 per cent. of copper, and in cruder regulus 
of reduced pyrites of jron and copper. Those impuri- 
ties include antimony, arsenic, bismuth, cadmium, 
earbon, cobalt, gold, iron, lead, manganese, platinum, 
silver, tin, zinc, suboxide of copper, sulphides of iron, 
copper, and silver in the particles of unreduced pyrites 
of those metals, alumina, lime, magnesia, silica, and 
alkalies in the inclosed portions of slag. Black cop- 
per has been found to contain ‘1°23 per cent. of 
arsenic, 1°0 of iron, 0°54 of sulphur, 0°4 silver, and 0°011 
of 

In an acidulated solution of blue vitriol, the following 
of those substances, viz., cadmium, cobalt, iron, zinc, 
sulphide of iron, alumina, wagnesia, and alkalies 
of the slag, dissolve readily; antimony, arsenic, 
bismuth, tin and silica dissolve imperfectly, and 
partly fall to the bottom; carbon, gold, platinum, 
and sulphur from the pyrites are insoluble, and precipi- 
tate entirely ; lead is converted into sulphate, which 
almost wholly wee ; silver is changed into 
chloride, provided. a soluble chloride is present, 
which is usually the case, and is entirely thrown down ; 
suboxide of copper, and the sulphides of copper and 
silver, also precipitate. The lime is all changed into 
sulphate, a small quantity only of which enters into 
solution, while the remainder subsides, 

One effect of using an impure metal or an alloy as 
an anode is that its different constituents are corroded 
unequally, both by the ordinary chemical action of the 
liquid and by the influence of the current. By both 
of these actions the most electropositive metals are at- 
tacked first, and the others in succession, in accordance 
with the thermal law which governs such actions ; 
and those which are not corroded at all, together with 
those which form insoluble compounds, either remain 
upon the surface as a coating or fall to the bottom as 
mud. In consequence of this irregularity of action, 
the anodes are often corroded deeply in places, even 
while containing much metallic copper in their coatings, 
become rotten, and pieces of them fall to the bottom, 
and this occurs the most with very impure metal, and 
especially with cupreous matte. en the anodes are 
made by fusion of copper an they often swell on 
the sides toward the cathode after a few days of elec- 
trolytiec action. If also the liquid is not kept homo- 
geneous, impure ones are rapidly corroded, and some- 
* EXwnct from the new volame of Te Mlectrician Series, by Dr. G, 
Gore, entitled “ The Electroiytic Separauon of Metals.” 





times cut through at the surface of the solution and 
fall to the bottom. 

If arsenic is present, it partly dissolves as arsenious 
or arsenic acid, and gradually unites with some of the 
constituents of the mud to form insoluble compounds - 
arsenious acid is sparingly and arsenic acid freely 
soluble. It also partly forms arseniates upon the 
anode which are non-conductors, and by adhering to 
that electrode offer resistance to the current. 

Antimony partly dissolves, especially in acid solu- 
tions, and partly forms an insoluble basic salt, some of 
which adheres to the anode, oxidizes and increases in 
weight, and some falls to the bottom ; any oxy-salt of 
antimony a as a white cloudiness when the 
liquid is sufficiently dilute. 

ismuth behaves much like tin and antimony ; it 
y forms an insoluble basic salt, which precipitates, 
and partly dissolves as an acid salt, which ultimately 
also mes basic aud falls. 

Tin behaves much like antimony ; it forms a mixture 
of proto-salt and basic salt, some of which adheres to 
the anode and some dissolves. The proto-salt is white 
when dry, and absorbs oxygen from the air rapidly to 
form persalt. The presence of dissolved tin in a nen- 
tral solution is said to greatly improve the quality of 
the separated copper, without the tin itself being de- 
posited ; this, however, probably only occurs under 
particular conditions, because in some experiments | 
made for the purpose this effect did not take place. 
The presence of tin in the anode increases the electro- 
motive force of the current, because tin is more elec- 
tropositive than copper in dilute sulphuric acid. 

Lead, being also more electropositive than copper, is 
attacked before it, and aids the electromotive force ; 
but its sulphate, being very insoluble, fails nearly 
wholly to the bottom, and only a trace is dissolved. 
There is but little risk of lead being deposited with 
copper, not only because its sulphate is so very 
ineoluble, but also because lead is electropositive to 
that metal. Lead, by being electrolytically corroded 
in place of copper, and uniting with acid to form an in- 
soluble salt, diminishes the amount of copper and of 
acid in solution. 

If the anode contains metallic iron and manganese, 
those metals are dissolved before the copper, and be- 
ing more electropositive assist the current ; they dis- 
solve as protosalts, and subsequently become oxidized 
to some extent, but not completely, to persalts by con- 
tact with the air. If, however, the current is very 
much stronger than that usually employed in refining 
copper, these protosalts are also oxidized to persalts 
at the anode ; and in any case their persalts are reduced 
to protosalts at the cathode by the current and cause 
great waste of power. The only way to prevent waste 
of energy in deoxidizing persalts at the cathode is to 
keep those salts out of the solution. Iron, by dissolv- 
ing in place of some of the copper at the anode, takes 
up some of the acid, forms green vitriol, and diminishes 
the solvent power of the water and the amount of cop- 
per in solution. 

Any suboxide of 1% in the anode, being a non- 
conductor, falls to the bottom, and is subsequently 
slowly oxidized and dissolved as cupric sulphate by the 
free acid. If the anode contains much cupreous sui- 
phide, some of it is decomposed by the current, its 
metal dissolving while its sulphur separates and sub- 
sides. If its amount is small (us it usually is in “* black 
copper”), being a very inferior conductor, it is unaf- 
fected by the current, and falls to the bottom as fast as 
the metal around it is dissolved. 

In an anode containing copper, copper oxides and 
sulphides, the current goes most by the th of least 
resistance, ¢. e., very largely by the metal, very little 
by the sulphides, and much less by the oxides. If, 
therefore, the anode contains very little sulphide or 
oxide, the whole of the current travels through the 
copper, and the oxide and sulphide fall to the bottom ; 
but if it contains much sulphide, some of the current 
passes through it. At the same time, independently of 
the action of the current, the liquid is always acting 
chemically upon each of these substances, whether 
they form part of the anode or of the sediment. 

It is evident that when the anode contains a large 
variety of impurities, the chemical actions going on at 
its surface must be numerous and exceedingly complex, 
and modify each other, and make it very difficult to 
accurately describe them. One effect of those numer- 
ous impurities is to cause an ulmost infinite number of 
local electric currents all over the anode, attended by 
corrosion and solution of all the more positive sub- 
stances without the aid of the external current, thus 
gradually neutralizing the free acid, and saturating 
the water with metallic salts. 

Influence of the Impurities upon the Current.—Pro- 
vided the anodes are wholly metallic, their lower degree 
of electric conductivity due to impurities has very lit- 
tle effect upon the total resistance of the circuit, be- 
cause the resistance of the solution is so very much 
greater. Consequently, also, it has but little effect 
upon the kind of dynamo required. 

Impurities in the anode, however, have in some cases 
a great effect upon the electromotive force and upon 
the strength of current, either by giving rise to polar- 
ization and counter electromotive force, or by the for- 
mation or accumulation of badly conducting sub- 
stances upon the anode. The greater the number of 
impurities also, the ter the risk of waste of energy. 

It is a fact that the electromotive force, and conse- 

uently also the strength of current, is increased whea 

e anodes contain as impurities metals such as zine, 
cadmium, manganese, or iron, which are more electro- 
positive than copper in the particular liquid, because 
they constitute with the copper cathode a voltaic 
couple sending acurrent in the same direction as the 
working one. Bat this assistance to the current, ex- 
a with iron pyrites, is asually so very small that it 
is hardly observable, and the advantage of it is more 
than counterbalanced by disadvantages. The pres- 
ence of iron in the anode aids the current to only a 
swall extent, but that of zinc helps it more. 

Usually when fresh anodes are put in, the resistance 
of the vat gradually rises to the maximum, but when 
the film of impurities is removed from them, the resist- 
ance falls at once slightly ; it also usually increases 
with the thickness of the coating, but only slowly, be- 
cause the layer is porous and saturated with the solu- 
tion. The coating acts chiefly by preventing ready 
— of unexhausted liquid, and thus promotes polar- 

on. 

Wher the solution containe persalts of iron or man- 
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, those salts are reduced to protosalts at the 
eathode, and a portion of the current is continually 
wasted in reducing them, instead of being wholly em- 
ployed in separating copper, and the copper costs wore 
to refine than when no ‘iron or manganese is present. 
As long as there is sufficient persalt of iron in the 
liquid, no hydrogen is evolved at the cathode. Witha 
copper-depositing solution containing much salt of 
iron, the difference of potential of plates of pure cop- 
per of a single vat has nm found by experiment to be 
0°22 volt, with an anode of black copper 0°25 volt, and 
with one of copper pyrites 0° volt, and when the solu- 
tion was deficient in free acid, it was 0°35 volt with 
black copper, and 0°75 volt with copper pyrites (Kiliani, 
Engineering, vol, xi., 1885, p. 306). 

Effect of Impurities of the Liquid u; Purity of the 
Deposit.—The electrolyte is always less impure than 
the anode, because various of the impurities of the 
latter are either loosened by corrosion of the surround- 
ing metal, and separate and fall to the bottom un- 
changed ; or they are separated from their compounds 
by chemical or electro-chemical decomposition and 
subside ; or they are converted by chemical action in- 
to insoluble compounds, which precipitate. 

The more impure the anode, the less pure usually is 
the electrolyte. In addition to the proper constitu- 
ents of the liquid, viz., blue vitriol, sulphuric acid, and 
water, there may be present in a dissolved state the 
sulphates of iron, zinc, manganese, cadmium, cobalt, 
aluminum, magnesium, calcium, potassium, and sod- 
jum, basic sulphates of antimony, tellurium, bismuth, 
and tin, and arsenious or arsenic acid. 

By far the largest in amount of these dissolved im- 
purities is the sulphate of iron; but the most objec- 
tionable ones are the compounds of arsenic, antimony, 
and bismuth, because they are the most likely to yield 
their metals at the cathode, and thus affect the purity 
and quality of the deposited see. 

During the process of deposition the electrolyte con- 
tinually becomes more impregnated with impurities, 
especially with iron, and in much less degree 
with zine, manganese, cobalt, nickel, tin, arsenic, anti- 
mony, bismuth, aluminum, calcium (within small 
limits), magnesium, potassium, and sodium, and gradu- 
ally poorer in free acid, and, sooner or later, requires 
to be purified. 

Influence of Impurities of the Liquid upon the Cur 
rent.—The greater the number of impurities in the 
electrolyte, the greater the risk of waste of electric 
energy. All ordinary sulphate of copper solution used 
in the electrolytic refining of copper contains, after a 
time, a greater or iess proportion of dissolved ferrous 
sulphate, and this substance gradually combines with 
the oxygen of the air and becomes persalt. In sucha 
wixture there is liable to occur a considerable waste of 
current and deficiency of deposited copper—tst, be- 
cause much of the electric energy is wasted in deoxid- 
izing the persalt at the cathode; and 2d, because a 
solution of persalt of iron corrodes and dissolves cop- 
per; the free acid therefore decreases, and the liquid 
acquires greater specific gravity. The presence of 
green vitriol, however, prevents polarization at the 
anode, because it absorbs oxygen. 

In a solution of green vitriol partly oxidized by the 
air, and being suitably electrolyzed with platinum 
electrodes, a mixture of iron and hydrogen is deposited 
at the cathode, and persalt is formed at the anode ; and 
owing to absorption of oxygen from the air, the pro- 
portion of persalt increases. 

Purity of the Deposited Copper.—It is a mistake to 
suppose that electro-deposited copper must be pure; if 
it has been deposited rapidly from an impure solution, 
it may be very impure. 

The purest electro-deposited copper is apt to contain 
traces of tellurium, bismuth, and silver. These have 
been detected by photographing the spectrum of the 
copper. The presence of the first two of these would 
be due either to the density of the current at the 
cathode being too great, the liquid insufficiently stirred, 
or the proportion of copper being too small, or to all 
these causes combined; but most likely to a combi- 
nation of the first and second. The presence of silver 
may be due to the absence of soluble chlorides, or to 
sediment falling from the anode. ‘ 

Of all the various circumstances already described 
which tend to produce purity of the copper, the most 
important are: 1. Absence in solution of all the metals 
which are the most readily deposited with it; these are 
silver, bismuth, antimony, arsenic, and tin; 2, using a 
sufficiently moderate density of current at the cathode; 
3, keeping the solution perfectly clear and well cireu- 
lated; and 4, not allowing any of the mud from the 
anode to touch the cathodes. All other conditions be- 
ing alike, the most slowly deposited metal is the most 
pure. 

There is usually not much risk of depositing any 
other metal than copper (and silver or bismuth if in 
solution) under the ordinary conditions of working 
when the density of current does not exceed 5 amperes 
per square foot or the rate of deposition is not more than 
70'7 grains per square foot per hour, and the increase 
of thickness is not greater than 1°07 millimeters, or 0°04 
of an inch per week of 156 hours. At Stolberg, with an 
impure solution, and a density of current of 1°482 am- 
pere per square foot, the purity of the deposited copper 
is stated to be ** 99°92 and 99°95 per cent. in two analy- 
ses.” One source of impurity is fine powder from the 
anodes diffused in the liquid. 

The difference of purity of the deposit obtained with 
different qualities of anodes depends very littie upon 
the electric conductivity of the metal, because with 
every os of copper the large mass of the anode has 
vastly less resistance than the electrolyte; but it de- 
pends very greatly upon the kind of impurities. If the 
ltupurities are soluble and readily deposited along with 
the copper, it is then necessary to reduce the speed of 
deposition, but this greatly increases the cost. Aceord- 
ing to a German writer (Dingler’s Polytechnisches Jour- 
nal, vol, celv., p. 581), the copper deposited at the 
Oker refinery is extremely perfect, while that of some 
English electrolytic refineries is less so; probably the 
latter had been too rapidly deposited. Some samples 
of American deposited copper have also been found to 
be impure. A minute proportion of antimony or bis- 
muth destroys the good qualities of copper. 

Cost of Electrolytic Refining.—The cost of refining 
copper by electrolysis varies with the magnitude of the 
‘ustallation, and depends essentially upon the expense 





also | and oil for the engine; 3, rent and taxes; 4, labor; 5, de- 


efficiency” of the dynamo, and upon the kind apd 
amount of impurities in the crude metal, which are 
continually varying, because the composition of each 
batch of unrefined copper differs. The larger the pro- 
portion of foreign metals which are easily deposited 





quired, th» greater the cost of the process, because it 
must be conducted more slowly. The cost when anodes 
composed of the unreduced sulphides of copper and 
iron are employed instead of metallic copper, as in 
‘** Marchese’s process,” is considerably different. 

Where motive power or fuel is cheap, advantage is 
taken of the circumstance to economize the expendi- 
ture upon vats and copper, by using it more freely. At 
Casarza, where water power is cheap, the proportion 
of copper deposited is 1°4 lb. per horse power per hour; 
at Pembrey, where coal is cheap, it is 2°6 lb. ; but at 
Hamburg, where motive power and fuel are dear, it is 
6°87 lb. The amount of electric energy and of horse 
power consumed in depositing the same weight of cop- 
per differs in nearly every electrolytic refinery. Where 
coal is cheap, and the process is conducted on a 
large scale, with a good steam engine, at least 110 indi- 
eated horse power is obtained during one-week by the 
consumption of 50 tons of coal, and with good dynamos 
will deposit 20 tons of copper per week, at a cost of 
£20. The interest upon capital invested in plant, etc., 
during the same period will amount to about a similar 
sum. Or, if we reckon the cost of one mechanical 
horse power at one penny per hour, the cost of such 
power for electrolytic refining of copper is about one 
farthing per pound of that metal refined. Difference 
of potential required to overcome resistance and polar- 
ization is also an element in caleulating the cost of de- 
positing a given amount of copper, because double 
the electromotive force expended costs quite double 
the money. 

The chief elements of cost are: 1. Interest upon capi- 
tal expended upon copper, electrolyte, vats, steam en- 
gine, boiler, dynamo and other plant ; 2, fuel, water, 


preciation of steam engine, boiler, dynamos, vats, etc. ; 
6, incidental expenses. 

The total stock of copper required in order to refine 
a given amount of that metal per day or week varies 
in different works. In each refinery, besides the 
amount of copper in the vats, there is at least an equal 
quantity in the form of main conductors, raw copper 
for waking anodes, new anodes ready for immersion, 
and residues of old anodes, also the stock of refined cop- 
per. The value of the stock of copper alone in one of 
the installations at Hamburg has been estimated at 
** £8,000.” Practically, to refine 30 tons a week of ordi- 
nary *“ Chili bars,” with a current density of 8 or 10 
amperes per square foot, requires a total stock of about 
400 tons of copper, which, at £50 a ton, costs £20,000, 
to which we must add about £10,000 for plant and 
premises. 

A number of workmen are necessary,’probably about 
twenty, working day and night, wheu depositing thirty 
tons of copper per week, to manipulate the electrodes, 
examine the vats, and attend tothe steam engine and 
dynamo, melt and cast anodes, wash dirty ones, etc. 
A chemical analyst is also employed to analyze the 
copper and the electrolyte. As stoppages ia the pro- 
cess do not often occur, they are not a large element of 
expense; there is, however, the cost of occasionally 
emptying the vats, evaporating and purifying the solu- 
tion, collecting and treating the mud, etc. 

The cost of one of the latest forms of dynamo for 
electrolytic refining of copper, by Messrs. Siemens & 
Halske, viz., their ‘‘H C"” type, constructed to give 
1,000 amperes at a difference of potential of 60 volts, 
was “£420,” and that of a 50 unit one, by Messrs. 
Chamberlain & Hookham, giving 500 amperes at 100 
volts, about £400. With large vats and large currents 
of low electromotive force, the cost for the same rate of 
deposition is less, but that of the dynamo and eonduc- 
tors is greater than with small vats and small currents 
of higher electromotive force. A vat containing one 
cubic meter costs ** about 130 fr.,” and oneof three cubic 
meters *‘double that sum.” The vats at Biache cost 
**350 fr. each.” One cubic meter of the ordinary copper 
solution costs ‘‘ abont 70 fr.” 

The total cost of M. Hilarion Roux’s installation at 
Marseilles, including the baths, dynamo, and steam 
engine to refine ‘250 kilogrammes per day” (= 894¢ 
tons yearly) is stated to have been ‘* £1,000,” and the 
amount of invested capital ‘‘£5.000 to £6,000.” The 
“*Societa Anonima Italiana di Miniere di Rame e di 
Elettro-Metallurgia,” in Genoa, whose works are at 
Casarza, was established with a capital of 4°8 million 
marks (= £240,000) (Dingler’s Polytechnisches Journal, 
1885, vol. celv., p. 201). 

It wight be supposed that the silver and gold recov- 
ered constitutes a considerable profit, but all this has 
to be paid for extra in purchasing the crade metal. 

In consequence of the numerous circumstances which 
affect the cost, an approximately satisfactory estimate 
of the total amount of capital required to be invested 
in establishing an electrolytic refinery to deposit a 
given amount of copper daily, can only be arrived at 
by means of a knowledge of all the essential particu- 
lars in the given case. 

Recapitulation.—In establishing an electrolytic cop- 
per refinery, the chief points usually require to be 
settled in the following order: Ist. The amount of cop- 
rto be deposited per week. 2d. Amountof mechan- 
ical power required and the kind of motor. 3d. 
of purity of the solution and of the crude metal. 4th. 
Rate of deposition per square foot of cathode surface 
per week. 5th. Total amount of cathode surface 
necessary. 6th. Total number of vats in series. 7th. 
Magnitude of each vat. 8th. Electromotive force and 
strength of current necessary. 9th, Kind of dynamo. 
10th. Magnitude of the main conductors. There are, 
of course, other important points to be first considered, 
such as the most suitable locality for cheap motive 
power, cheap conveyance, etc., but those do not come 
within the intended scope of this article. 
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The following shows the measured resistances of the 
liquids : 


RESISTANCE OF BATTERY LIQUIDS. 








Sp. er. | Resist. 
1. Sulphuric acid 1, water 12! vols.... ....... ...... 1°085 “oro 
2. Sulphate of copper sat. sol.................-.0.046 1172 | 656°0 
3. “ same -+- 34 vol. sulp. acid 1, water 10.... 1155 195 5 
4. Potash bichromate sat. sol.... .......... ....000- } 1048 698 °0 
5. “ game + yy vol. H,SO,......... ......-.-.| 1H | Woe 
6. Soda bichromate sat. sol ....... aE eae |} 1432 | 220°0 
7 “* same oF ta WOR, Tse cccasecce: cece os cceve 1552 | 804 
8. Chromic acid, Sullivan's, 1,000 parts to water,| 
° Coram nia 266 ooses Lit evees pemmacensasenees | “= pd 

. Ch ic gre. j» OZ, HgSO4......606 b 57° 

W. CRIES frakinoces ccchscbcooce -onece | Vis | 5°60 








The liquids were prepared, as usual, for battery pur- 
poses, in the carbon cell; the acid for acting on the 
zine being provided in the outer vessel of che strength 
of line 1. he bichromate of potash would require a 
doubled quantity of acid for use as a single cell. The 
soda bichromate, line 7, was a saturated solution al- 
lowed to cool and settle, as it is not easy to hit the ex- 
act proportions, and half its volume of sulphuric acid 
(strongest O V sp. gr. 1845) added. The chromic acid 
was prepared according to the instructions of the 
maker—1 lb. in 1 pint of water and 7 fluid ounces of 
sulphuric acid; the actions of the various liquids were 
plotted out in curves. These curves brought out the 
relative values very forcibly. The bichromate of pot- 
ash showed a rapid loss by so-called polarization ; in 
fact, it is hardly possible:to measure the early current, 
it fails so quickly. The very smail quantity of work 
possibile justifies the statement that this once valued 
salt is now worthless in batteries, compared with others 
now to be obtained. 

Bichromate of soda and chromic acid run each other 
very closely ; but the acid has more staying powers 
and does more work. Both show a growing current 
at first. 

The curve given by Mr. Bottone’s solution shows the 
great effect produced in the early part of the work 
by the addition of chlorate of potash to the chromic 
acid, as well as the increase in the total effect. 

The nitric acid curve, which extended over 30 hours 
before sinking to the level of the others (which level is 
really the action of the sulphuric acid on the zine with- 
out any oxidant), shows the vast superiority of this 
over all other oxidants, so far as the production of cur- 
rent is concerned. The rising curve here is known to 
be due to lowered resistance (and, it is said, higher E. 
M. F.), as nitrous acid is generated and dissolved. 

The copper voltameter showed the work in ampere 
hours of each 400 grains to be: 

Nitric acid 
Soda bichromate 
Potash 
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But the nitric acid had not gone to the level of the 
rest, as it was stopped at 24 hours; and the bichro- 
mate of potash gets credit for too much, as the last 
six hours of its curve do not really belong to it, but to 
the zine and acid. 








A SIX INCH QUICK FIRING GUN. 


THE following are the details of a trial which has 
been carried out at Portsmouth with a new 6 inch 
quick firing gun and mounting, under the supervision 
of the officers of H. M.S. Excellent, the gun being 
worked by a detachment of blue jackets from that 
vessel : 

The gun was mounted in the bows of the gunboat 
Kite, a structure having been erected to represent the 
ship’s side, with a view to trying the gun as if it were 
mounted between decks, on board a largecruiser. The 
programme was to fire 100 rounds ‘in series of 10 to 
20, which series were to be fired with as much rapidity 
as possible. The weight of the projectile was 100 Ib., 
and the weight of the powder charge 34 |b. of E. X. E. 
powder. The whole of the programme was carried out 
without the slightest hitch, everything working just as 
satisfactorily at the end of the trials as it did before 
the trials commenced. Ten rounds were fired for ra- 
pidity in 1 min. 31 see., which gives an average of 
rather over six rounds a minute. 

The gun was also tried at all angles of elevation up 
to 15°, which is the maximum required by the Admi- 
ralty when the gun is mounted between decks. The 
ease and accuracy with which the gun can be trained 
and elevated were fully demonstrated by the following 
portion of the programme. Two targets were laid out 
about 1,000 yards apart, and from 1,500 to 2,000 yards 
from the gunboat, which steamed a course as if to pass 
directly between them. Twoseries, the first of ten and 
the second of twenty rounds, were then fired, each al- 
ternate round being fired at a different target ; thus 
the gun had to be trained through an are of nearly 60° 
between successive rounds, and the elevation also had 
to be altered. Excellent practice was made through- 
out the trials, and the last ten rounds, which were 
specially fired against time, were fired in two minutes 
and four seconds. Electric firing was used throughout 
the trials, and not a single misfire occurred. The 
crew consisted of five men, with duties as follows : 

No. 1 sighted, elevated, trained, and fired the gun. 
No. 2 opened and closed the breech. 

No. 3 assisted No. 2, and extracted the cartridge. 
No. 4 entered the shot. 

No. 5 a cartridge. 

These five men made up a full crew, but two men, or 
even one, would have had no difficulty whatever in 
keeping up a fairly rapid fire fora short time. This 
has now fired nearly 200 rounds in the way of trials, 
but the Admiralty contemplate firing yet another 100 
rounds with the mounting arranged as for the upper 





the merits of the more powerful oxidants used in pri- 
mary batteries. For the purpose of the experiments 


he constructed a cell with a small porous vessel, which 





of motive wer, and of interest upon invested cap- 
ital; also largely upon the degree of “commercial 


would conveniently hold 400 fluid grains with the car- 


deck of a cruiser. 

There was tried on this occasion, for the first time, a 
special arrangement for testing the electric firing cir- 
cuit and primer. This was done by means of an in- 
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strument, which is fitted on to the electric firing pistol, 
and gives forth a ringing sound whenever the circuit is 
complete. This information would be conveyed at 
once to the firing gunner if everything is correct be- 
fore he attempts to fire. The instrument also provides 
a weans of warning whenever the gun is loaded, and 
thus is dangerous to approach within the limits of 


range or recoil. The very exhaustive trial of firing the 
100 rounds in rapid suecession proved that this little 
instrument did its work thoroughly without being in | 
the least disturbed by the shocks 





IMPROVED ROPE RAILWAY—AERIAL CARRIER | 
AT THE LAUDUN SUGAR WORKS. 

At the Laudun Sugar Works, which were established 
in 1890, and which are analogous to the great sugar 
works of the north of France, we find a very bold ap- 
plication of aerial carriage by cables, to which it is | 
well to call attention, since installations of this kind 
can be easily organized everywhere to the great profit 
of wany indastries 

The Laudun Sugar Works are separated from the 
plain of Vaucluse by the Rhone, which at this point | 


forms two arms inclosing the island of Piboulette. The! works and of 10,000 kilogrammes of pulp in an oppo 
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principal arm, near the sugar works, is 280 meters in 
width, and the second one is but 150 meters. 

It became necessary to provide a cheap method of 
carrying beets from the island and the plain of Vaa 
cluse to the sugar works. 

After an examination of the various systems of car- 
riage by boat, ete., the managers of the works adopted 


‘ 


; 





SUGAR WORKS 


the system of aerial carriage proposed by a large and 
well equipped house of Lyons—that of A. Teste Sons, 
Pichat, Moret & Co. 

This system is not new. In France we meet with such 
installations in the departments of Isere and the north- 
ern Pyrenees, butit is especially in Germany, Austria- 
Hungary, and Spain that this method of carriage has 
received very remarkable applications that permit of 
the assertion of its economical superiority over all 
other systems of carriage. 

The house that we have just named was intrusted 
with the work of establishing an aerial carrier for 
connecting the village of Cabanes (Vaucluse) with the 
Laudun (Gard) Sugar Works, over the two arms of 
the Rhone for an extent of about 1,760 meters. 

The conditions imposed were as follows: (1) The 
daily carriage of 50,000 kilogrammes of beets to the 





site direction; (2) the establishment of a loading station 
at Cabanes and another on theisland, anda receiving 
station at the works; (3) finally, the Administration of 
Navigation of the Rhone imposed the condition of 12 
meters between low water and the bottom of the cars. 
In order to fulfill these conditions, the system adopted 
was that of two cables, forming aerial rails, and an 


endless tractive cable having a uniform motion of one 
meter per second, for actuating the cars. 

The horizontal ground necessitated the use of a 
motive power derived from the works. This power 
being estimated at three horses, all the transmissions 
were calculated for a double power—say one of six 
horses. The necessity of crossing the Rhone at a con 
siderable height necessitated towers of from 14 to 15 


| meters above banks that were themselves pretty high. 


The car, which is wholly of metal, tilts. For the ton- 
nage provided for there is one for about every 90 meters 
The number can be increased or diminished aecording 
to the tonnage necessary. The car and the tractive cable 
are rendered interdependent by a system of friction 
gearing, which is capable of acting upon any point 
whatever of the cable. The elastic gripping increases 
automatically with the inclination of the line, what 
ever be the direction of the inclination. This system 





Fie. 3—STATION AT THE WORKS. 







































eable. The advantage is thus obtained of a better dis- | ox railways. : 
tribution of the wear upon all tke points of the cable, 
great elasticity in the amount of the daily tonnage, 
and, finally, a suppression of shocks at the coupling of 
the car. 

Stations.—The general view in Fig. 


line is supported at the proper levels by nine metallic 
towers of variable heights, which offer the peculiarity 
that they are movable around their base and in a ver- 


3 gives an idea of tical plaue passing through the longitudinal axis of the 




















Intermediate Towers.—Between the two stations the | 


June 13, 1891. SCIENTIFIC AMERICAN SYPPLEMENT, No. 806. 12875 
of attaching the car to the cable is preferable to the| point. Here are two rails that -copnect with the car- Carrying Cables.—The constructors, actuated by the 
system with rings fixed at intervals upon the tractive| rying cable through a switeh analogous to those used | results of experience, which peremptorily establish the 


| fact that the wear of the carrying cables is the prin- 
| cipal factor of the net cost of cable carriage, have en- 
deavored to reduce such wear of the smooth cables as 
much as possible. The application that they have 
made of their apparatus seems to respond very happily 
to the difficulties of the problem to be pot 
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Fla. PROFILE OF THE CARRIER. 
It shows|car. This arrangement (Fig. 5) offers the following 
advantages: (1) entire suppression of transverse stresses 
| on the tower, and consequently a reduction to a mini- 
mum of the weight of the tower and its foundation ; 
longed to the yard of the works parallel with the build- | (2) a perfect distribution of tensions throughout the en- 
ings for a length of fifty meters, and returns toward | tire length of the cable ; (3) asuppression of the friction 
the head of the station and connects with the outgoing | of the carrying cable upon the supports, which is so 
eable, whenee the ears are sent at the proper time. | much the more prejudicial to the life of the cables in 
This arrangement permits of the carriage of beets to the | proportion as it has a local and continuous action ; 
place where they are to be used without transshipment, | 
and thus effects all the saving possible. | 
The tractive cable, after passing over a large double 
grooved pulley actuated by a large toothed wheel, then | 
over asingle grooved pulley placed beneath the first, 
runs over two large inclined pulleys which lead it in 
the direction of the line, over which it finally extends 
after passing over pulleys of which the object is to as- 
sure its fixidity of position at the place where the car is 
coupled or uncoupled, acedrding to the direction of the 
running. 
The Cabanes station (Fig. 4) has the same arrange-| 
ment as the one just deseribed as regards the rail and 
its connections with the carrying cables. It embraces 
a large retarn pulley over which passes the tractive 
eable, and whieh, mounted upon a carriage rolling over 


the general arrangement of the installation. 
the station of the works, with its mechanism actuating 
the tractive cable. We here see the rail upon which the 
ears land upon reaching the station, and which is pro- 











Fie, 4—STATION AT THE VILLAGE OF CA 


a reduction of the space occupied upon the ground by 
a transverse line of some meters iu length. 


These cables (Fig. 6), which are patented, have a 
smooth surface and combine in themselves the follow- 
ing qualities, which are of great importance: (1) an 
absolutely smooth surface offering a maxiwum of con- 
tact between the cables and rollers ; (2) an arrange- 
ment of the wires in concentric strands exposing the 
external strand alone to wear, while the core preserves 
its qualities of resistance to the end ; (3) an inelosure of 





(4) | the wires, which secures their position, even in case of 





BANES. Fig. 6—SECTION OF THE CABLES. 


the breakage of one of them; (4)an absolute tightness 
of the external strand, secured by the wide surfaces of 











an inelined plane, assures the tension of the cable. 

The carrying cables are fixed to two drums properly 
placed and firmly secured to the back part of the foun- 
dation frame, and which, through a strong lever and 
pulleys, permit of giving the necessary tension to the 
eables. 

An intermediate station is arranged in the center of 
the island that permits of the taking on of beets at this 





Fie. 5.—TOWER ON THE 








These advantages give an oscillating tower an indis- 
putable superiority, from every point of view, over all 
other systems. The carrying cables are secured to the 
towers by means of oscillating devices of tempered 
steel whose form permits of the passage of the cars 
without shock. The tractive cable is supported by 
rollers of a peculiar construction, which renders them 
very light and perfectly balanced. 
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BANK OF THE RHONE, 


the wires between each other, and guaranteeing the 
preservation of the core. This style of cable is much 
superior to the ordinary cable as a carrier. The trac- 
tive cable, ever in motion, passing frequently over 
guide pulleys and having to conquerfall the resistances 
due to the rolling of the cars, must be flexible and 
)} strong, and so the use of fine steel wire of great 
strength was indicated. The manufacture of this into 
| eables is done in the ordinary manner. 

Conelusion.—It results from what we have just said 
of the Laudun telpher that this installation is charac- 
terized by the simultaneous use of oscillating towers, 
earrying cables with smooth surface, and cars coupled 
| by elastic pressure, From these arrangements, as a 
whole, resu!t the following advantages : 

(1) Lightness of installation, accompanied with great 
strength. (2) Suppression of the causes of rapid de- 
terioration of the cable and rolling stock. (3) Easy 
establishwent in hilly districts ; and (4) finally, cost of 
transportation under advantageous conditions, in most 
cares. 

Thus, as regards the Laudun carrier, if it operated 
| 300 days per annum, the kilometric ton would amount 
| to from 0°45 to 0°50 of a frane for the funding period 
(say ten years), and from 0°25 to 0°30 of a frane after 
the extinguishment of the debt. Such cost of the 
kilometric ton is evidently variable. The longer the 
line, the greater the tonnage and the cheaper the car- 
riage. 

Aerial carriage by cables has still another serious ad- 
vantage over other methods of transportation, and 
that is that it is capable of operating in all kinds of 
| weather, and even at night, without any inconvenience 
—an iwportant condition of economy and regularity. 

An installation of this kind permits of solving, in 
almost all cases, the problem of the cheap transporta- 
tion of all kinds of materials in a hilly country—ma- 
terials that have no actual industrial value until the 
time when they can thus be brought economically to 
the place where they are to be used. At present, the 
constructors of the Laudun earrier are engaged in put- 
ting up another one for raising the materials for the 
construction of a fort upon an almost inaccessible 
| peak near Bourg-Saint-Maurice in Tarentaise. The 
tractive cable is bere actuated by a turbine.—Le Genie 
Civil. 


CENTER BOARD YACHTS ON THE CLYDE. 


Ln the vacht building yard of Mr. Adama, at Gourock, 
on the Clyde, there are now building two center board 
yachts, and, to use the words of the yachting corre- 
spondent of the Glasgow Herald, ** Their appearance in 
| their resent stage is the most staggering apparition 
the Clyde has enjoyed for along number of years.” 
| One of the center boards is a ten rater, being built for 
| Messrs. Bryce and Richard Allen, owners of the ten 
| rater Doris, which had a long and successful career. 
| This new Doris is wholly unlike any other ten rater yet 
| built. 

These cutters are pure center boards of the American 
type, modified by Mr. G. L. Watson’s own ideas. The 
ten rater is even more American than the Volunteer, 
and a bolder design than any attempts at center boards 
this side the Atlantic. With ber center board up she 

| will draw at least a third less water than the old Doris ; 
with it lowered to the full extent the cutter must draw 
|a good deal more than the Doris. Besides her center 
| board, the feature of the cutter is the sweep of the 
eamber of the keel upto the stem head, so that in- 
stead of having the convex lines of an overhanging 
| bow, the stem will be altogether concave in outline. 
The bow will be of the canoe form of bow, and more 
or less identical with the flare of the old Norse craft 
that centuries ago invaded ourshores. From the stem 
head to the heel this new center board presents the cut- 
line of a half moon, with the lower limb considerably 
flattened. With a great deal more beam than any 
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other ten rater, this cutter’s lead keel inust be hundred- 
weights lighter than the keel of the old Doris, and on 
this account the cutter will have less displacement 
and less weight to carry. 

Mr. Watson has not had much experience in the de- 
signing of centerboards, but his 5 tonner Archee, built 
last spring at Wivenhoe, with a late start for the sea- 
son and some alterations in her trim, was the third 
cutter of her class for the season, and with her center- 
board down could outwind Glycera and Alwida, the 
best of the Solent fives. The second centerboard cut- 
ter is a 24¢ rater for Mr. Henry Allan, also of the 
Allan line. She is bnilding by Mr. Adam, also from 
the design of Mr. G. L. Watson, and is intended to 
race against the class which was represented last year 
by the Bandersnatch and Princess Ida. 





A CHRONOMETER GIVING THE jy5 OF 
A SECOND. 


THE velocity of projectiles at a given moment of 
their trajectory is calculated by measuring the time 
that it takes the projectile at such instant to traverse 
the distance comprised between two target frames 
placed upon the trajectory and arranged in such a way 
that the projectile shal) take about one-tenth of a 
second to pass over the interval. This measurement is 
effected by means of apparatus known by the name of 
chronographs. One of the most widely used of these is 
the Le Boulengé chronograph, the principle of which 
consists in the measurement of the vertical height of 
fall (during the time that the projectile takes to tra- 
verse the space between the two dials) of a weight 
called a chronometer, which descends freely along a 
brass column. Knowing this height, A, the time is 
easily calculated by means of the known formula: 


1h 


g 


iu which g represents the intensity of the gravity at 
the place where the experiment is made. Briefly sta- 
ted, the operation of the apparatus is as follows : 

Along a brass column, at different levels, are fixed 
two horizontal electro-magnet bobbins, the core of 
which is prolonged inthe form of asquare. The chro- 
nometer applies itself to the top of one of the squares 
under the action of an electric current traversing the 
electro-magnet. The chronometer is a hollow tube of 
soft ;iron with flaring extremities to which are adapted 
zinc tubes called cartouches. The top of the other 
square retains in the same way a cylindrical weight of 
soft iron. A pendulum of soft iron, fixed to the collar 
of each bobbin, is attracted during the whole time that 
the current is passing, and returns to the vertical when 
it ceases. It therefore shows the operator in a very 
simple manner whether or not the currents are well es- 
tablished. The first electro-magnet, that is to-say, 
the one that carries the chronoweter, is placed in the 
circuit that passes through the nearest nut, and the 
second in that of the most distant nut. 

In order to make an experiment, we begin by inter- 
rupting the current in the two bobbins by means of an 
apparatus called a disjunctor, upon the construction 
of which we shall not dwell. The weight and the 
chronometer are therefore detached from the cores at 
the same moment, and fall. 

In its fall, the weight abuts against a steel spring at 
the base of the apparatus and frees a horizontal knife, 
which gives a strong blow to the lower cartouche of 
the chronometer (which passes at this instant in front 
of it) and makes a notch in it. 

The two soft iron cylinders are again suspended from 
the extremity of the cores of the bobbins, and the gun 
is fired. The two circuits are broken in succession 
when the projectile meets each of the largest frames. 
The chronoweter falls first, and the weight afterward, 
and the notch made by tire knife is found this time 
marked — the upper cartouche. 
measure the 
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paratus in order—operations that are delicate and 
render the use of it quite difficult. Besides, its dimen- 
sions, which are pretty large, render it difficult of 
carriage. 

It is in order to obviate these inconveniences that 
the chronometer represented in our engravings has 
been devised. 

The principle of this owen is based upon the 
use (in order to mark the thousandths of a second) of a 
chronometer balance beating the fifths of a second, a 
special mechanism causing the balance to describe 
each time a complete angle of 360 degrees. If a hand 
be fixed to the axis of such a balance, it will be seen 
that this hand will, five times per second, describe an 
entire circle, now in one direction and now in the 
other, and that if this circle is divided into 200 parts, 
each of those divisions will correspond to a thousandth 
of a second. 

The first difficulty resided in the graduation of this 
circle. As at every movement of the balance the 





Fig. 1.—CHRONOMETER GIVING THE 
rss OF A SECOND. 


velocity starts from zero to return thereto in passing 
through a maximum, it results that the space traversed 
at every instant is not the same for the same dura- 
tion of time. This fact had to be taken into account 
in the graduation of the dial, on which the divisions 
have, therefore, to be closer at the beginning than at 
the middle of the travel. 

Besides, as the hand turns now in one direction and 
now in the other, it is necessary to have it possible to 
know the direction of the motion at the moment that 
the latter is arrested in order to know in what direc- 
tion the reading must be made—the divisions from zero 
to 200 being marked in the two directions for the sake 
of facility in reading. To this effect a small hand on 
the left of the dial (Fig. 1) indicates, when it is down, 
that the reading is to be made from right to left, and 
from left to right when it is up. 

The remainder of the apparatus presents nothing 
peculiar in its arrangement. The large dial is divided 
into 300 parts, representing fifths of seconds. A small 
dial placed above the dial of thousandths of seconds 
shows the hour and minutes. An electromagnet acting 
almost directly upon the balance serves to setin motion 
or stop the mechanism instantaneously. Twosmall ter- 
minals, L and L’ (Pig. 2), receive the wires coming from 
the battery. A button, K, serves for stopping the me- 
chanism by hand, in experiments that do not require 
very great precision. Finally a bolt, M, serves to bring 
the thousandths hand to zero, and with a half turn sets 
the spiral in such a way as to permit the balance to 
move instantaneously at the moment the current is 
broken. 

Fig. 2 shows the application of the chronometer to 


t It then suffices to| the determination of the fall of a weight, D, descend- 
distance between the two notches, which | ing from the stage, A, upon the stage,G. These two 
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represents the distance that the chronometer fell while 
the projectile was traversing the interval between the 
two frames, and to introduce this figure into the 
formula given above. 

Knowing the time taken by the projectile to traverse 
the space between the two frames, it suffices to divide 
the distance between the latter by such time in order 
to obtain the projectile’s velocity. 

In practice, this operation is suppressed, and the in- 
ventor has established a rule that permits of at once 
reading the velocity for a given height of fall. 

In this brief description we have purposely neglect- 
ed to speak of the regulating and keeping of the ap- 











2.—CHRONOMETER GIVING THE y,y9 OF A SECOND. 


stages are connected with the circuit of a pile whose 
current passes through the electromagnet of the chro- 
nometer. The motion being arrested and the index 
brought back to zero by maneuvering the bolt, we 
read the division at which the fifth of a second hand 
has stopped. If we bring about, in any manner what- 
ever, the breakage of the thread that holds the weight 
upon the tongue, E, the latter will rise under the action 
of a spring, e, the circuit will be broken, and the chro- 
nometer will be set in motion. When the weight 
strikes the plate, F (kept horizontal by the counter- 
poise, J, placed at the extremity of the rod, I), the lat- 
ter will incline, and, touching the edge of the piece, G 


(from which it is not far distant in a normal state), 
will re-establish the current, and the mechanism of the 
chronometer will be instantly stopped. Thetwostages. 
A and G, are capable of sliding along a graduated up. 
right, B, against which they are held by adjusting 
serews, H, thus permitting of varying the height of 
fall by degrees as small as it may be desired to demon- 
strate the sensitiveness of the apparatus thereby. This 
arrangement, moreover, may be improved as regards 
the manner of demonstrating the fall of weights and 
the instantaneous re-establishment of the current. 

Let us suppose, now, that we wish to apply the ap- 

ratus to the measurement of the velocity of a pro- 
Meetile between two target frames. It may be seen that 
it will suffice to connect the chronometer with a cir- 
cuit passing through the two frames. The projectile, 
in striking the first frame, will interrupt the circuit by 
means of some arrangement devised for the purpose, 
and will re-establish it in striking the second. 

Let us add, however, that as the sensitiveness of the 
apparatus depends upon the degree of perfection of 
the mechanism, we in nowise mean to guarantee the 
accuracy of the indications furnished; but it has ap- 
peared to us of interest to call attention to this instru- 


‘| ment, which has the advantage of being easily carried 


and manipulated.—Les Inventions Nouvelles. 








PAINT OILS. 


EVERYBODY knows what paint is, so it is scarcely 
necessary to give a definition of it ; perhups thisis best 
done by aT its uses. 

Paint is applied for two purposes to the surface of 

ies, first, to act as a preservative, second, for decor- 
ative purposes. 

When articles made of iron, wood, etc., are exposed 
to the atmosphere, they are subjected to a number of 
injurious influences: heat, air, moisture, etc., all of 
which are more or less destructive, and very few things 
are capable of withstanding for any length of time 
these injurious agencies. To preserve such, it is cus- 
tomary to paint them, to cover them with a substance 
which resists the atmospheric agents better than the 
objects themselves; at the same time advantage is 
taken to decorate the objects by the application of 
color. Now it is obvious that only a liquid body can 
be used as a paint, because it is only a liquid that can 
be applied to the surface of objects, no matter how 
intricate the shape, in a uniform coat; at the same 
time it is also obvious that the paint must, in a short 
time after being used, dry and leave a coating hard 
aa on the object to which the paint has been 
applied. 

f all the bodies which are capable of being used for 
this purpose, the so-called drying oils, of which linseed 
oil is the type, have been found to give the best results 
when combined with certain colored bodies or pig- 
ments to color them. These oils, when exposed to the 
air, absorb oxygen from it, undergo oxidation, and 
ultimately dry up, leaving a firm yet elastic lustrous 
solid body behind, which is quite impervious to water, 
and has a considerable amount of resistance to the 
other atmospheric influences which exert a more or 
less destructive action on bodies. As these oils are, 
in general, too viscid to work or flow freely from the 
brush, they are mixed with a diluent to thin them 
down a bit; turpentine, or as it is more generally 
known to painters, “ turps,” is what has been found to 
be the best, although, as will be seen later on, there 
are other liquids available for this purpose. 

Of all the drying oils which can be used for making 
paint, linseed oil is the oil par excellence, for two rea- 
sons: Ist, it dries better than any other oil ; 2d, it is 
the cheapest of this class of oils. 

The drying oils are but few in number; linseed, 
hempseed, walnut, poppy seed, sunflower seed, are all 
that can with certainty be included in this group. 
All these oils contain linolein, a compound of glycerin 
and linoleic acid, to which body they owe their drying 
properties. What isthe real nature of the reaction 
which goes on in the process of drying we are still un- 
certain ; oxygen is absorbed in rather large proportion, 
from 150 to 180 times the volume of the oil. Other oils 
contain small quantities of linolein, and these also 
absorb oxygen in varying amounts, but they do not 
dry = hard, but at the most only become thick and 
viscid. 

Of the oils named above, only linseed meets with any 
great use as a paint oil; the others are too expensive, 
although poppy, walnut, and sunflower seed oils, 
being light in color, are often preferred to linseed oil 
by — Of these oils it is not necessary here to 
speak. 

Linseed oil is obtained from the seeds of the flax 
plant (Linum usitatissimum), which grows very 
abundantly all over the northern regions of the Old 
and New World. The principal countries where it is 
grown are Russia, America, and India. Both seed and 
oil are imported from these countries. Hull is the 
chief center of this trade, and much linseed is pressed 
there. The Russian seed and oil come to this country 
from Riga and other Baltic rts, from Odessa and 
other Black Sea ports; the oil from the former is of 
superior quality to that imported from the latter ports. 
American oil does not come into this market. East 
Indian oil is of but poor quality. 

It is of interest to note the influence of climate on 


the quality ; the colder this is, the larger the quantity 
and better the quality of the oil obtained from the 
seed 


Linseed oil comes into use for painting purposes in 
two forms, raw and boiled. The raw linseed oil is just 
as it is pressed from the seed, with possibly a slight 
amount of refining to free it from any solid particles, 
vegetable matter, albuminous matter, and water. It 
varies a little in color, from a brownish to greenish 
vellow—Baltic oil tending to a brownish hue, East 
ndia to a greenish tone, as a rule--although color is 
no guide to the country or origin. The specific gravity 
of linseed oil ranges from 0°932 to 0 9387, Baltic being 
heaviest as a general rule; and also the heavier a 
sample of linseed oil is, the better is its quality for 
inting pur It is soluble in a large proportion 
0 to 12'times its bulk of alcohol, and at a comparatively 
low temperature, 50° C., in its own volume of glacial 
acetic acid, from which solution it fails out as a white 
cloud at about 47° C. 
It is a well known fact that by keeping raw linseed 





oil in closed vessels for some months it becowes what 
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ainters call more or less fatty, and there is a great 
improvement in its properties as a nt oil ; for var- 
nish making it is a custom to store linseed oil for 12 to 
18 months, before using. Some change for the better 
goes on, but what thisis has not — been investigated. 

The odor of linseed oil is peculiar and characteristic, 
and is not to be mistaken for any other oil by an ex- 
pert in its use, 

When raw linseed oil is exposed to the air, it absorbs 
oxygen and becomes transformed into a hard, d 
mass. The quantity of oxygen absorbed varies wit 
different qualities of linseed oil, and is much greater 
than is absorbed by ong atner oils. The following 
figures are given by Mr. William Fox, as the result of 
some experiments on this subject : 


Oxygen. 
1 grm. of Baltic linseed oil absorbs.......... 191 ¢.c. 
1 * “ Black Sea linseed oil absorbs...... 186 ‘ 
1 “ * Bombay ™ sonnei 130 * 
1“ “ Calcutta - = ieee 126 “ 
1 “ “ American “ i  .. sneea 156 * 


Compare these with the following figures from other 
oils : 

1 grm. of rape (brown) oilabsorbs .. 20 c. c. oxygen. 

1 * colza = a ae 2 


» Fie: olive -. 82 

cotton seed -. 246 

As the rapidity of drying of linseed oil depends upon 
the quantity of oxygen absorbed and the rapidity with 
which this absorption takes place, it is obvious that it 
becomes a matter of importance to endeavor if pos- 
sible to increase this property by any simple and con- 
venient means. Ordinary raw linseed oil painted on a 
surface takes about two days to become hard, the 
actual time depending upon the state of the weather 
during the time of exposure ; in summer a shorter time 
being required than in winter. By the use of what 
are called driers and by boiling the oil, the drying pro- 
perties are much increased. On this point more 
will be said presently. 

Linseed oil is rarely adulterated. At the present mo- 
ment it is one of the cheapest of the fat oils, so that it 
would not pay to adulterate it with other fat oils, so that 
only mineral and resin oils are available for this pur- 
pose. These can be readily detected by the flash point, 
which will range about 380° to 400° F., while linseed oil 
flashes at about 500° F. ; then the specific gravity will 
be altered ; if by addition of mineral oils it will be 
lower, if resin oil it will be raised. Both additions are 
bad, and materially deteriorate from the value of the 
oils. In the present article it is scarcely necessary to 
give detailed descriptions of tests for adulteration of 
linseed oil. 


“ “ 


“oe “ 


BOILED LINSEED OIL. 


It has been found that by heating for some hours at 
a temperature of 500° F., the drying properties of lin- 
seed oil are much increased, and especially if what are 
called ‘“‘ driers” are added. Boiled oil is, or should be, 
linseed oil which has been thus treated. By this 
treatment the specific gravity is increased to about 
0°947, the color is made much darker and becomes of a 
red brown shade, and the drying is more rapid, while 
the luster of the coat which is left is much greater. 

What is the action which goes on during the process 
of boiling is uncertain. Much decomposition undoubt- 
edly goes on, acrolein and other acid vapors are evolved, 
and there isa development of acidity. The odor of 
boiled oil is peculiar and characteristic. In the process 
of boiling care should be taken not to exceed a tem- 
perature of 500° F., especially if it be desired to obtain 
a product as pale in color as possible. At higher tem- 
perature decomposition of the oil occurs, and charring 
occurs, which makes the color of the oil much darker. 
Linseed oil may be boiled by heating it ina steam- 
jacketed pan, and blowing air through at the same 
time. Why this method of preparing it does not come 
into greater use is a thing not easily understandable. 

Now, while raw linseed oil is but rarely adulterated, 
boiled oil is the subject of much adulteration and imi- 
tation ; there are on the market at the present moment 
several so-called ‘‘ patent boiled oils.” These necessarily 
vary in their composition, but generally they are mix- 
tures of genuine boiled oil, resin, resin oil, turpentine, 
heavy petroleum spirit, and linseed oil. None of them, 
however much they are puffed in advertisements, are 
equal to the genuine article; they have not the same 
drying powers, and those which contain resin oil have 
the most undesirable property of becoming sticky in a 
few weeks after they are used, although, at first, they 
seem to dry well enough. The coat is not as durable 
and lasting. Good, well-boiled oil leaves a coat of paint 
which will retain its luster for at least two years, or 
even longer in some places, whereas none of these 
“patent boiled oils” will give a coat which will last 
more than twelve months. Painters are advised to 
shun their use for good work. 

it is difficult to give tests for these “‘ patent. boiled 
oils,” and in any case of doubt it is much better to 
place samples for analysis into the hands of an expert 
analyst ; but one test may be given. Ifa quantity of 
genuine boiled oil be boiled with some caustic soda 
solution, and methylated spirit, it will be found to en- 
tirely dissolve, whereas a ‘* patent boiled oil” will not 
entirely dissolve, but a layer of oil will always float on 
the top of the liquor. 

In former days it was customary for the painter to 
buy his colors or pigments in the dry condition, and to 
grind them up with oil himself; but nowadays this 
grinding is done for him, and the painter usual y buys 
—at all events such is the case with the pigments most 
frequently used—his colors ground up into a paste 
with oil. As a rule, raw linseed oil is used for this 
purpose ; boiled oil would dry too rapidly ; and before 
the painter could use it, the stiff paste might dry hard, 
and in this condition it would be useless. When bought 
in this state of paste, all the painter has to do is to 
vs enough oil and turps to make a workable 

The quantity of oil uired to grind a pigment into 
& paste of the usual stiffness varies very much with 
different pigments. The following figures are taken 

from practical results, and represent the average 
Gnantities of oil used with the pigment in question ; 
a it is obvious that this quantity of oil may vary 

rom time to time with different batches of the same 
poner, and also with different grinders, as some 

tms griud their colors stiffer than others. There is 
very little difference between the quantities of raw or 





boiled oil which are required; asa rule more boiled 
oil is required than of raw, to grind a color toa given 
degree of stiffness. : 


White -lead, genuine .............+ : per cent. 
- aos er rr ad 
TES .. . 06600caneeenersesetes< 22 = 
. arr duntcsegeetacesen 7 = 
Green (Brunswick). .............+- il ee 
BEE BR Clie dcc cc cccsewecccsssees 27 ” 
OD CURB ec cccccce eseces cscee - 
Ouisodl BOR, o< sciccere ererr Terre 10 ” 
Turkey umber burnt............. 29 - 
English umber raw............... 20 a 
Brunswick blue................++: 11 - 
CE SE cic etennue beaneaed — = 
WO MRLs ctccccsasiccosess 40 “ 
DRT GR. 0050s cc csteseccceseves 874g ** 
Burnt sienna. ........2. seocececes 87%‘ 
eS, rere re 15 - 
Wetting BOF PUG... occ csccvccvess 18 ” 


In mixing up into paint there is no general rule as to 
how much and what proportion of raw oil, boiled oil, 
and turps should be added. Much depends on indivi- 
dual circumstances. Some painters can work with a 
thinner paint than others and they put more turps in- 
to their mixing; then, again, much depends on the 
character of the coat of paint which is wanted. If this 
has to be very glossy, extra boiled oil is used, although 
too much oil spoils the free flow of the paint from the 
brush ; if the paint is to dry dull, then plenty of raw 
oil, turps and little boiled oil is used. Raw oil retards 
the drying of the paint, boiled oil quickens the drying, 
so also does turps. The average proportions are about 
one pint of turps to the gallon of oil, but it varies with 
different pigments. White lead will take more turps 
than lamp black. The oil is made up from three parts 
of raw oil to one part of boiled oil. Increasing the pro- 
— of boiled oil makes the paint dry quicker and 

arder and with more gloss. The more turps, the 
duller the paint will dry, but the coat is more friable 
and does not adhere so well to the surface on which 
it is applied. 
RESIN. OIL. 


This oil has been and is frequently used for paint 
making, so that a few words must be said about it. It 
is obtained by distilling resin. The crude product isa 
thick, heavy, semi-viscid oily body, with a strong some- 
what offensive odor and a sharp, burning taste. This 
contains a good deal of acid and resinous matter. On 
refining by repeated treatments with sulphuric acid 
and caustic soda, a clear, pale oil is obtained, but be- 
tween the two, thick, dark crude and pale refined 
resin oil, there are many intermediate qualities. 

Refined resin oil varies in colors from a dark red toa 
pale yellow oil, its specific gravity ranges from 0°980 to 
0°990, and it is the heaviest oil known. It is also very 
thick and viscid. There are two varieties of crude oil 
produced by varying the process of distillation, known 
as ‘hard resin oil ” and “ soft resin oil.” From these 
the paler varieties are obtained by repeated treatinents 
with sulphuric acid and caustic soda, with, in some 
cases, a further distillation ; the oftener these are re- 
peated, the paler becomes the oil. The palest oil is 
nearly, if not quite, composed of hydrocarbons, and is 
quite free from drying properties. No amount of treat- 
ment chemically is capable of imparting drying pro- 
perties to it. 

Hard crude resin oil when spread on a surface dries 
hard in a short time, from three to five hours, and so 
is often used and offered as a cheap paint oil; but 
there are some disadvantages about it ; Ist, the color 
is objectionable and makes it only fit for dark colors ; 
2d, and worse, after about a week, the coat of paint 
loses its hardness and becomes soft and sticky, and 
then does not dry again, and no amount of driers 
affects the result ; this poner of resin oil is a most 
undesirable one, and practically condemns it as a 
paint oil. Mixing it with boiled oil does not remove 
the defect. It simply lessens it. 

Soft crude oil has little, if any, drying properties, 
and is mostly used in the manufacture of greases. 
What are called “siccative” resin oils are offered. 
These are made from half refined oils by treating them 
with manganese or some other drier, but they are 
really, as a rule, “siccative,” or “drying,” only in 
name. They are used in making so-called “ patent 
boiled oil.” 

Resin oil may be distinguished by its weight, bloom 
or fluorescence it possesses, by its odor when heated, 
and its taste, which is peculiar, and by being unacted 
upon by caustic soda. 

It is not necessary to speak of, with any detail, other 
oils, such as hemp seed, poppy seed, sunflower seed, 
walnut oil. These are used only to a small extent by 
artists. They are too expensive for ordinary house 
painting. They are generally good oils, pale in color, 
and dry well.—Chem. Tra, Jour. 








HISTORY OF THE COTTON INDUSTRY. 


AT the New York Cotton Exchange the sales of spot 
cotton in the business year ending May 1, 1890, aggre- 
gated 315.448 bales, against 428,024 in 1889, and 270,917 
in 1888. For future delivery the transactions amount- 
ed to 21,084,100 bales, against 20,184,400 in 1889, and 
28,924,400 in 1888. These figures indicate but a small 
eon ot the world’s crop of cotton. What this was 

n 1889 is largely matter of conjecture. Add to the 
8,487,408,499 pounds produced in the United States of 
Awerica the 803,580,000 pounds yielded by 13,393,000 
acres under cotton cultivation in India, and 297,160,000 
pounds from the 874,000 acres devoted to it in Egypt, 
and the resulting total is 4.538,148,499 pounds. So far 
all is statistical. Add to this sum between 5,000,000,000 
and 6,000,000,000 pounds, estimated by the best authori- 
ties as the aggregate yield of Africa, China, and other 
sections of the globe, and the grand whole is not less 
than 10,000,000,000 pounds. When or where cotton—the 
down or fine cellular hair attached to the seeds of 
plants of the genus Gossypium, natural order Malvacee 
—was first cultivated for spinning and weaving into 
garments for human beings is a question of more cu- 
riosity than value. Invention of spinning and weav- 
ing was ascribed by the ptians to Isis, by Pliny to 
Queen Semiramis, and by the Peruvians to Manco Ca- 

Herodotus, father of secular history, was the first 


of India, delicate and translucent, and fine as gossamer 
webs, manufactured from the Gossypium herbaceum, 
were valued as highly asthe fine linen of Egypt. Dac- 
ca muslins were poetically known as ‘* webs of woven 
wind.” Greeks, Romans, Phenicians, and Orientals 
delighted in these and other semi-transparent robes. 
In the seventh century the Chinese cultivated the cot- 
ton plant for its flowers, but not until the thirteenth 
for its flocculent fiber. Now the annual production is 
said to exceed 12,000,000 American bales. In Africa 
cotton has been raised and woven from time immemo- 
rial. Lord Palmerston predicted that it would yet 
supply Europe. Columbus found cotton in use among 
the natives of Hispaniola, and Cortez among the Mexi- 
cans. Itis an intertropical plant, and is best cultivat- 
ed by intertropical races,although apparently intended 
to furnish the inhabitants of all the zones with the most 
comfortable portion of their clothing. Iu 1519, Magel- 
lan, the circumnavigator, found the Brazilians using 
this “‘ vegetable down,” in making their beds. History 
repeats the rumor that in 1536 the cotton plant was 
discovered by De Vica in Louisiana and Texas. What 
is well authenticated is that some colonists from Barba- 
does, who settled on the Cape Fear River, North Caro- 
lina, in 1664, brought cotton seed with them, and 
planted it for domestic purposes. Its cultivation was 
greatly stimulated by the invention of Dubreuil’s cot- 
ton gin in 1742. Seven bags, valued at about $125, were 
exported from Charleston between November, 1747, 
and November, 1748. Fresh impulse to cotton produc- 
tion was imparted by the introduction of the roller gin 
for separating the fiber from the seed, before the revo- 
lution. The invention of the saw gin by Whitney in 
1793 inaugurated an era of splendid prosperity both in 
culture and manufactures. The green seed, or short 
staple, cotton ( um hirsutum) was principally 
cultivated before the revolution. Then came the 
tawny, or y seed, probably of Mexican origin. The 
black or Sea Island cotton (Gossypium barba- 
dense) was introduced into Georgia from the Bahamas 
about the year 1786. In 1795—thanks to Whitney's 
cotton gin—the exports of American cotton were 6,000- 
000 pounds, and in 1801, 20,000,000. Negro labor was 
exactly suited to the culture of cotton, and Ameri- 
can genius no less exactly suited to direct the la- 
bor. This is also true of the present time, when the 
wonderful adaptation of the South, with its climate, 
coal, water power, abundance of food and plentiful 
white and colored labor, to manufacturing purposes is 
prey been ge more obvious. The yield of cotton in 
the United States rose, in round numbers, gradually 
but rapidly from 40,000,000 pounds in 1801 to 80,000,000 
in 1811, and from 170,000,000 pounds in 1821 to 1,684,000 
bales, of which 936,000 were exported to Great Britain, 
in the season of 1841-2, thence to 4,861,000 bales in 1859- 
60, of which Great Britain received 2,669,000. No accu- 
rate record of cotton movements was kept during the 
civil war. Liverpool reported the receipt of 72,000 bales 
from the United States in 1862, 132,000 in 1863, 198,000 
in 1864, 462,000 in 1865, 1,163,000 in 1866, and the maxi- 
mum of 2,886,000 bales in thé season of 1882-3. In 
the season of 1865-6 the crop was 2,278,000 bales, of 
which 1,262,000 went to Great Britain; in that of 1889- 
90, according to Shepperson’s Cotton Facts, the crop in 
round numbers was 7,262,000 bales, with average net 
weight of 450 pounds per bale, or 3,267,900,000 pounds. 
The ‘‘ statistical abstract of the United States” for the 
a eer ending June 30, 1889, returns the yield at 
6,935, bales, averaging 465 pounds per bale, or 3,437,- 
408,499 pounds, with farm value of $292,139,209, of 
which 1,456,407,552 unds went to England, and 13,- 
992,515 pounds to Scotland, 41.259 bales were sent to 
Mexico, and 1,884,741 to the continent of Europe; 1,060,- 
376,910 pounds, or 30°78 per cent. of the entire yield, 
were retained for home manufacture and consumption; 
7,978,039 pounds of cotton were imported, principally 
from Egypt via England, to be manufactured into 
thread, laces, and other fabrics requiring long staple, 
by Clark & Co., Auchincloss & Co., and other firms. 
A small quantity of cotton, mainly in transitu, arrived 
from the West Indies. Cotton, although no longer impe- 
rial, is still one of the most regal elements in the foreign 
commerce of the country. While the crop of 1889 was 
the largest on record, the indications are that it will be 
exceeded by that of 1890.—Dr. Richard Wheatley, in 
Harper's Weekly. 








A CONCENTRATED RAPID HYDROQUINONE 
DEVELOPER. 


A.—DISSOLVE 25 to 30 grammes of sodium sulphite 
in 100 c.m.* of water and 10 grammes of hydroquinone 
warn ; then 25 grammes of ferrocyanide of potassium 
likewise in 100 c.m.*of water. The two solutions are 
mixed, and produce 200 c.m.* 

B.—Dissolve 50 grammes caustic potash in 100 c.m.* 
of water, or 30 grammes of caustic soda in 90 c.m.* of 
water. 


For a cabinet plate mix— 
Bh. 0ctees 66564nin 0086555646000000008 10 ¢.m.* 
Weis v én ctnen bs ck bdsbe c00es+ 200s 40 c.m.? 
B (caustic soda 1 + 2)............. 6 to 8 c.m.* 
or— 
Dh, «ok: hb wnteb O46: 04580409 0s 00a pes 10 ¢.m.? 
Wika ine Aa eacn tes cecsnsesedeecs 40 ¢.m.* 
Caustic soda + 3.............20.-- 10 ¢.m 


If one mixes the 200 c.m.’ of solution A with 100 ¢.m.’ 
of B, one obtains a mixed concentrated rapid de- 
veloper, which must be thinned for use—10 c.m.* to 
every 30c.m.* of water for rapid developments, Thus, 
the concentrated solution of 300 c.m.* suffices for 1,200 
c.m.* of the finished developer, but which may again 
be diluted with 1,000 ¢.m. of water for slower develop- 
ments, and with 10 grammes of hydroquinone one gets 
more than two liters of ordinary developer. 

Solutions A could also be used in conjunction with 
potash or soda, and then one has ordinary, but very 
good, potash or soda developer,’e. g.: 


SODA DEVELOPER. 


BG BG. oon 0s 006s cocdccecs 30 ¢.m.* 
Solution of soda (1 + 5)............ 30 c.m.* 
Rapidly acting developer may be made also with 


potash hydroquinone, of which another time. The 
potash developer uires a developing of about five 





of all European writers to mention cotton, and this 
about 450B, C, Even then the beautiful cotton fabrics 


minutes, the soda developer of four to five minutes. 
All developers with sodium hydrate and caustic potash 
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hydroquinoae may be diluted with an equal volume of 
water ; the development is restrained thereby, but the 
details do not suffer.—Pholo. News. 


A DETECTIVE PHOTOGRAPHIC CAMERA. 


THE principal advantage of this apparatus consists 
in the great facility with which a plate that has just 
been exposed can be replaced by a new one, and the 
strength of the mechanism that effects the substitu- 
tion. 

The plates, mounted in small frames, are placed in 
the upper grooves of the carriage, A(Fig. 1), through 
the aperture to which is afterward applied the cover, 
B. They are carried, one by one, against the edges of 
the box, C, opposite the objective, through the revolu- 
tion of a toothed wheel which is revolved by hand in 











Fre. 1.—DETECTIVE PHOTOGRAPHIC 
CAMERA. 


the direction shown by the arrow, g (Fig. 2). This 
wheel controls the motion of the serews, D (Fig. 1), 
which, passing through the nuts, E, cause the carriage 
to move. 

The plate is held against the edges of the box, C, by 
a spring boit, H, actuated by the button, F. After it 
has been exposed, it suffices to draw the button, and 
the plate then, being no longer held by anything, falls 
naturally, at G, into the lower grooves of the carriage. 
After all the plates have been exposed, they are taken 
out through a small door beneath, closed by the catch, 
h (Fig. 2). 

The shutter is set by means of the button, /. In 
order to free it, it suffices to press upon the button, b. 
Finally, a device, c, permits of operating without a 
previous focusing. 

One peculiarity of the shutter resides in the impossi- 
bility of the operator's setting it twice in succession 
without the plate having been changed. In fact, it is 
not until the wheel, a, has made a half revolution and 








2.--DETECTIVE PHOTOGRAPHIC 
CAMERA, 


Fia. 


the cam that it carries has raised the small lever placed 
under the objective, that the shutter can be set anew. 
Owing to this arrangement, the operator is prevented 
from making any error and will never take two views 
upon the same plate.—Les Inventions Nouvelles 


COMBINED TONING AND FIXING BATH. 


THE following combined toning and fixing bath is 
recommended by M. Lamy, in Helios. 
A. 
500 «. «©. 
30 grammes. 
9 rv 


~ 


Distilled water........ ....... 
Acetate or phosphate of soda 
Gold potassium chloride 





Distilled water 
Ferrocyanide of ammonium or 


40 grammes. 


C. 
Ee. oo kavadwnennd eee 1000 ec. ¢ 
ens ncsdnndiaser 375 ** 
GER 6k ntaws cepaseeneese 5 * 
Saturated solution of potash 
Gs Acs neccnendccxstuens f ' 


A and B are poured into C, which is agitated mean- 
while, and after standing twenty-four hours the clear 
portion of the solution is poured off for use.—Br. Jour. 
of Photo. 


XPERIME 





LIPPMANN'S E NTS IN PHOTO- 
GRAPHING COLORS. 
Mr. GABRIEL LIPPMANN, one of our most dis- 


tinguished scientists, a member of the Institute and a 
professor at the Faculty of Sciences, has succeeded in 
carrying out an experiment that is destined to be 
memorable, and that is the photographing of the 
colors of the solar spectrum. 

At the session of the Academy of Sciences, on Feb- 
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Fie. 2.—EXPLANATORY DIAGRAM. 


ruary 2, Mr. Lippman exhibited to his colleagues vari- 
ous photographie negatives in which all the colors 
were fixed upon the sensitized plate with their exact 
shade and brilliancy. In order to obtain so important 
a result, the learned physicist employs no peculiar 
chemical substance capable of preserving or repro- 
ducing the tint of objects, but has recourse simply to 
physical processes based upon the most ingenious theo- 
retical considerations of the highest order. 

Mr. Lippmann has been kind enough to show us, 
in his laboratory at the Sorbonne, the result of his ex- 
periments, and the arrangement of the apparatus that 
he has devised. Owing to his courtesy and to the 
clearness of his explanations, we hope that we shall 
be able to make the nature of his discoveries perfectly 
comprehensible to our reacers. 

Fig. 1 shows the apparatus employed by Mr. Lipp- 
mann for photographing colors, he sensitized plate, 
(No. 1), is prepared in a very peculiar manner. It is 
requisite that its sensitized film, the chemical composi- 
tion of which may be of any nature (gelatino-browide 
of silver, for example), shall be very thin and trans- 
parent, and it is necessary that there shall be no dis- 
continuity in this film of sensitized substance, and that 
it shall exhibit no grain as in ordinary emulsions. The 
sensitized film must be simply opalescent and not 
creamy. The glass thus prepared is placed against a 
layer of mercury, its sensitized surface being in con- 
tact with the wetal, which is designed to form a re- 
flecting surface. In our engraving (Fig. 1, No. 1) the 
sensitized plate is represented at G. It rests against a 
U-shaped ‘piece of rubber, C. A glass, F, closes the 
apparatus and permits of imprisoning the mercury as 
if in a vessel. The two plates of glass—the photo- 
graphic negative and the cover—are held by clamps in 
order to prevent the mercury from escaping. 

The apparatus being thus prepared, an image of the 





simplicity. What takes place in this experiment, and 
how is the result to be explained ? 

Mr. Lippmann finds the theory of his method in the 
principle of interferences, and in the fact of the color- 
ation of thin films. 

The object of the mercury, which forms a mirror in 
front of the sensitized film, is to send back the lumin- 
ous rays upon themselves. There is a conflict, or, as 
physicists say, an interference, between the incident 
and the reflected ray. In the interior of the sensitized 
film, there results a series of fringes of interference, 
|of maximum luminous ones and minimum dark ones. 
| The maximum alone act upon the film, and their place 
| remains marked by a deposit of silver. It results that 
the sensitized film, after the photographic operations, 
|is subdivided by the silver deposit into a series of 
| lamellae, which have precisely the thickness necessary 
| to produce, by reflection, the incident color that has 

given rise to them. 
The colors thus produced are, then, of the same na 
ture as those of the lamellz of soap bubbles, for exam- 
|ple, The number of these lamella is variable accord- 
ing to the nature of the luminous ray. Admitting that 
| the sensitized film is 4 of a millimeter in thickness, 
| yellow light will form 200 lameli# uponit. If it isa 
question of violet, the number will be 250; and if of 
| red, 156 only, with intermediate values for the inter- 
| mediate colors. 
| The diagram in Fig. 2, in which we greatly amplify 
| the sensitized film, will permit us to explain the prob- 
lem. Very near the mercury, upon the first layer of 
| the sensitized film, there is a destruction of motion, or 
darkness, at 0. On the contrary, further along, at /, 
the two motions are added to one another, and there 
isa maximum of light. Further along there is a de- 
struction of light again, and darkness at o'; further 
along, at 7’, anew maximum, and so on. 

Detinitively, the luminous vibration has left its trace 
in the film photographically. It is inscribed and af- 
terward reproduced, as occurs with the sonorous vibra- 
tion in the phonograph. 

It will be seen that in these first experiments of Mr. 
Lippwann’s it is a question only of the reproduction 
of the solar spectrum. The result obtained is import 
ant, but it is not yet possible, as was at first believed, 
to reproduce portraits. This is due to the fact that 
the sensitive substances at our disposal are very im- 
— and are not truly sensitive to the violet rays. 

hey are but slightly sensitive to green, and are 
almost absolutely non-sensitive to the action of yellow 
rays, and especially to that of red rays. Hence the 
necessity of a very long exposure in the photograph- 
ing of the spectrum with its colors. This question is 
not so grave when it is a question of immovable objects, 
landscapes or pictures. Mr. Lippmann has not yet 
turned his researches in this direction. However this 
may be, it may be said that, in order to hasten the 
complete solution of the problem, the question will be 
to find substances as sensitive as gelatino-bromide of 
silver, but that will be so as well under the influence 
of all the luminous rays from violet to red.—La 
Nature. 





THE NEW YORK “ WORLD.” 

THE Pulitzer Building, the home of the New York 
World, was opened on December 10, 1890, in the 
presence of a most notable assemblage. and dedicated 
to the purposes for which it was erected—to be a howe 
for the World, a model for a long time to come for 
buildings for similar uses, a constant illustration of the 
possibilities of American citizenship and American 
journalism, and a perpetual monument to the power 
of the people and the majesty of public opinion. 

Just fourteen months Seen, Joseph Pulitzer, Jr., 
the young son of the proprietor of the building and of 
the World, tapping with a silver trowel upon the rough 
surface of the newly-laid corner stone, had uttered the 
sentence, * It is well done.” 

On December 10 thousands of people, representing 
the political, professional, commercial, and social life 
of the whole country, viewing the massive magnifi- 
cence and perfected detail of the completed work, re- 
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» Fig. 1.—LIPPMANN’S APPARATUS FOR PHOTOGRAPHING 
COLORS. 


1. Sensitized plate placed upon a layer of mercury. 2. Specimen of 


a negative reproducing the colors of the spectrum. 


solar spectrum is projected upon the external surface 
of the sensitized plate. After a long exposure, varying 
from 30 minutes to 2 hours (at least if it is desired that 
the red shall have acted), the impression is obtained. 
Developing and fixing are done by ordinary methods. 
The negative, developed and dried, gives the solar 
spectrum with its seven colors—violet, indigo, blue, 
green, yellow, orange and red (Fig. 1, No. 2). Seen by 
transmitted light, the plate is negative, that is to say, 
each color is replaced by its complementary, red by 
green, ete. 

It will be seen that the operation is of wonderful 





peated and indorsed the confident verdict of the boy, 
“It is well done.” 


A FEW THICUGS THE BUILDING CONTAINS. 


it is the highest office building in existence. It is 
the highest structure of any kind in New York. The 
tiptop point of ‘Trinity Church steeple is barely on a 
level with the floor of the observatory in the lantern. 
From the Frankfort Street sidewalk to the lantern is 
309 feet: to the flagstaff, 349 feet; from the foundations 
to the flagstaff, 3751¢ feet. 

Above the Frankfort Street sidewalk there are in the 
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main structure 14 full stories and 2 mezzanine stories ; 
below the sidewalk is the press room and 1 mezzanine 
story; in the dome are 6 full stories and 1 mezzanine 
story, above the dome is the lantern floor; total num- 
ber of floors, 26. 

The World’s great composing room occupies the en- 
tire twelfth floor of the building, and is most complete 
in its equipment in every respect. There are accom- 
modations here for some 210 compositors. The capacity 
of the composing room of a Saturday night is at pres- 
ept about 82 columns or 4 pages per hour. There are 
some 2,200,000 *‘ems” of matter, equal to about 4,500,- 
000 separate pieces of type, ina Sunday World of the 
average size. Over 100 columns of type are often stand- 
ing in the galleys awaiting insertion. To meet these 
demands 32 tons of type are required, independent of 
pumerous ‘‘ job” cases. There are 40 make-up tables, 
A distinet section of the composing room is devoted to 
the Evening World. 

In one of the spacious galleries of the composing 
room are the proof readers, 18 to 20 in number. An- 
other gallery, which surrounds the circular editorial 
dome elevator, is intended for visitors. 

The press room is a veritable wonder of modern civ- 
ilization, the aeme and the culmination of the benefi- 
eent art that Gutenberg inaugurated in so simple a 
way some four centuries ago, and that Ben Franklin, 
within the hundred years, found so meagerly devel- 
oped. Despite the exceeding value of a cubic foot of 
space, a special gallery, running midway between the 
lanes of monster machines, has been especially pro- 
vided for the public’s free admission. By simply 
waking application at the publication office, at any 
hour of the day or night, sightseers will be admitted 
to this gallery, where they can watch the printing of 
the World. 

Midway of the press room, dividing it into two sec- 
tions, the great steel piers that support the building 
go down to their foundations. The press room itself 
is 16 feet high, 112 feet long, and 60 feet wide. 

In all this magnificent press room not a belt, pulley, 
shaft or pipe is to be seen. Off at one side you can dis- 
cern the big engine with its: ponderous fly wheel at 
work. But thatisall. Ata touch ofa bell the great 
presses speed obediently to their task, but the trans- 
mission of motive power is not apparent. The intricate 
system of shafting and belting is thoroughly concealed 
beneath the floor or above the ceiling. 

The total capacity of these mechanical giants is 
312,000 eight-page papers per hour. The machines are 
equivalent to 26 Hoe single presses. They are as fol- 
lows: 3 quadruple perfecting inserting presses, each 
with a capacity of 48,000 eight-page papers per hour ; 
1 triple perfecting inserting press, with a capacity 
equivalent to 36,000 eight-page papers per hour; 3 
double perfecting presses, each with a capacity of 24,- 
000 eight-page papers per hour; 2 tandem presses, each 
with a capacity of 24,000 eight-page papers per hour; 
and one single perfecting press, with a capacity of 
12,000 eight-page papers per hour ; total, 312,000 eight- 
page papers per hour. The presses have nearly double 
this capacity for four- papers and a nearly pro- 
portionate capacity for six, ten, and twelve page 
papers. 

The tandem presses are a unique feature of the press 
room, being the first machines of the kind ever used. 
They consist of two single presses, put together so that 
the two sheets of paper run to one folder. The manu- 
facturer, when first requested by the Wor/d to arrange 
the machines on this plan, insisted that it was imprac- 
ticable. But it was done, and the result is a valuable 
addition to the press room capacity. Both of the 
‘“*tandems” can print, fold, and deliver at one time 
— of sixteen pages. 

he great paper warehouses are in the basement and 
under the sidewalks on each side. Immense quantities 
of white paper in big rolls can be stored within them, 
The wetting machines, a formidable array of mechan- 
ism in themselves, are on the floor above the press 
room. The wet paper comes down on a hydraulic eleva- 
tor, from which it is taken by a system of trolleys and 
transferred to the temporary storage galleries or to the 
presses by an overhead railway. There are four ink 
roller rooms, conveniently located about the cellar. 
The ink tank is connected by pipes and an ink pump 
with all the presses, and the ink is now automatically 
supplied. 
GRAPHIC STATISTICS. 


There are 750 wrought iron columns, aggregating 2 
miles in length; 2 miles of tie rods, 16 miles of steel 
beams, 2,000 anchors, 50,000 bolts, 150,000 rivets—alto- 
gether about 5,000,000 pounds of steel and wrought 
iron. This mass of metal would furnish heavy rails for 
29 miles of railroad. 

There are 142.864 square feet of floor space in the 
building. All the public halls are paved with marble, yet 
the hard wood in the structure amounts to over 1,000,- 
000 feet, including mahogany, cherry, white ash, 
waple, and quartered oak. There are over 500 doors 
and over 1,000 windows, for which 3 miles of sash 
chain were required. 

in the walls and foundation 5,714,000 hard brick were 
used, and not one of them is visible; 98,000 buff brick 
and 63,000 glazed brick were also required. This brick 
would build 250 brick houses. 

The excavations amounted to 21,000 cubic yards; 4,125 
cubic yards of concrete, 9,133 cubie yards of sand, 600 
barrels of plaster of Paris, 2,500 barrels of lime, 2,275 
barrels of Portland cement, and 12,891 barrels of Ro- 
sendale cement were used. 

And here are some figures from the plumber’s ac- 
count: 37,250 feet of gas pipe, 12,475 feet of drain, soil, 
waste, and vent pipes, 15,650 feet of water supply pipe, 
56 water closets, 57 urinals, 23 sinks, 184 wash basins, 
mw 530 faucets and stop-eocks, and 65,375 pipe 

Sts, 

There axe in all in the Pulitzer Building 250 apart- 
ments. Of these 149 are offices for rent. The World 
itself occupies 79 rooms.—Am. Art Printer. 








EXHIBITION AT BUDAPEST. 


By order of the Hungarian Ministry of Commerce, 
an exhibition of clay, stone, cement, and asphalt 
ning machinery will be held at Budapest from May 

° to June 30, of the present year. The exhibition 
— be under the management of the directors of the 
voumercial Museum of that city. Foreigners are in- 
to exhibit all sorts of labor-saving machines, im- 


vited 


plements, and appliances connected with the above in- 
dustries, and also articles of the said industries, manu- 
factured in foreign countries, provided they are not 
yet produced in Hungary. 








CURIOUS MUSICAL INSTRUMENTS. 


WITH any glass tube whatever it is possible to easily 
reproduce the song of a bird. It suffices to rub the 
tube lengthwise with a piece of wet cork. In order to 
imitate the song of a bird, the cork must be moved with 
varying rapidity, now slowly, now rapidly, and abrupt 
stoppages must intervene. This experiment can 
made more simply by rubbing an ordinary bottle with 
a piece of cork. 

t us take aglass tube about three-fourths of an 
inch in diameter aud 12 inches in length, and slightly 
flaring at one of its extremities. Let us wind a sheet 
of Bristol board around this tube so as to nearly double 
its length. This double tube is long enough to con- 
stitute a good trumpet, whose fundamental tone will 
be very grave. On gradually sliding the Bristol board 
over the glass, the length of the column of vibrating 
air is diminished, and the note is heard to rise in mea- 
sure as the tube is shortened. This isa revival of the 
old trombone A piston. The accompanying figure, 
which represents a trombone of this kind, is reproduced 
from an excellent photograph taken by Mr. Albert 
Buysse, a member of the Belgian Photographie So- 
ciety. The performer whose portrait we give is a very 
skillful player on this instrument, and is the eldest son 
of Mr. Cesar Snoeck, the learned amateur musician, 
who possesses, at Gand, a museum of the most remark- 
able musical instruments. 

As well known, in apparatus of the kind here de- 
scribed, it is the lips that must be made to vibrate. 
The trumpet represented herewith may be likewise 





TROMBONE FORMED OF A GLASS TUBE 
AND A SHEET OF CARDBOARD. 


made of bamboo or a piece of metal tubing and Bristol 
board, The materials that wind instruments are made 
of have no influence upon the quality of the sound.— 
La Nature. 





AFRICAN NOTES. 


THE Belgian government continues to explore and 
settle as rapidly as possible its vast territory. It 
organizes from time to time important expeditions 
with the object of occupying the outlying provinces of 
the state. Captain Van Gele has fortwo years been 
exploring the northern provinces. The southern ones 
are now being traversed by Lieut. Dhanis and Lieut. 
Paul le Marinel. The expedition of M. Delommune is 
working in the southeast, and a new expedition is 
about starting to explore the vast region in the north- 
east, situated between the Rubi and the Aruwimi 
rivers. This last is under the command of Major Van 
Kerckhov, State Inspector. It will have to traverse a 
region where the Arab marauders are in considerable 
numbers, and is consequently accompanied by a little 
military foree. These expeditions found new posts in 
distant regions, from which law and order ultimately 
spread over the land. 

The current number of Le Mouvement Geographique 
summarizes several such journeys, and presents their 
results in a very interesting new map of the region to 
the north of the Congo. 

It epitomizes especially the long journey of Captain 
Van Gele, which occupied eighteen months ; and those 
of Messrs. Roget, Le Marinel, and Hodister in 1890 
The map presents in detail, and from accurate obser- 
vations, the course of the Mobangi River from its con 
fluence with the Congo up to Zongo, and thence over 
the long eastward stretch to its junction with the two 

reat rivers which form it, the M’bomo and Welle- 

akua. Captain Van Gele ascended both thése rivers 
for considerable distances, as well as four other large 
affluents of the Mobangi, all entering from the north. 
None of any importance enters it from the south, 
where the watershed comes very near to the great 
river. This same range of high land gives rise to many 
branches and tributaries of the great Mongaila River, 
which flows southward to the Congo itself, entering it 
a little above Bangalla. This latter was explored by 
Mr. Hodister. Its course is singularly tortuous, and 
the country through which it flows appears to be very 





opulous. The whole region lying between the Mo- 
Comes and the Congo is drained principally by it, and 
by the Ruki River, ascended by Becker and Roget, 











which is navigable for many hundreds of miles, and 
gives access to a populous country. The Mobangi- 





Welle-Makua is thickly peopled on both banks, but it 
is sadly interrupted by rapids, which, while they do 
not altogether prevent navigation when the water is 
high, do so when it is low, and make it at all times 
rae agin All over this vast region, now compara- 
tively explored, new names of unevangelized tribes 
and peoples cover the map. There are the Aja, the 
Foro, the Banda, the Andungas, the powerful Sak- 
karas, the Abira, the Kabindas, the Aboua, the 
Yakomas, and scores of others. One of the most war- 
like and hostile of the tribes encountered by Captain 
Van Gele was the last mentioned. They showed them- 
selves quite intractable as the expedition was ascending 
the river; but on its return some months afterward, 
they timidly made friends with the strangers, and 
then exhibited great hospitality and confidence, so that 
some of them even enlisted in the Belgian service. 

The most important people met with, however, were 
undoubtedly the Sakkaras, with a king whose power 
is by no means despicable. _His dominions lie on the 
M’bomo River, and his name is Bangasso, as is also 
that of his capital. His brother Lengo rules over a 
neighboring people. rp my visited Captain Van 
Gele at his encampment when on his way up the river, 
and extracted from him a promise to visit him at his 
own capital on his return. When the time came, he 
did not allow the stranger to find his way to Bangasso, 
but as soon as be heard of his arrival came down to 
meet him, bringing with him a splendid female chim- 
panzee and countless other presents. A special journe 
was necessary to reach the capital of this chief, whic 
is situated at the confluence of two great rivers which 
together form the M’bomo, considerably to the north- 
east of the Mobangi. The journey convinced the Bel- 
gians of the real power exercised by thisman. A fine 
road fourteen feet wide had been constructed for their 
use. The grass was cut, great trunks of trees were 
placed across the rivers and brooks for bridges ; canoes 
were ready at every —_ where it was necessary to 
cross wider water, and everywhere the name of Ban- 
gasso acted asa talisman, and placed the natives at 
service of the expedition. The greatest abundance of 
good provisions of all kinds was provided for them, and 
ready -cooked food was presented to the fifteen Zanzibari 
followers who accomwpauied them. A twenty-four-oared 
canoe was placed at their disposal for the last part of 
the journey by river. Bangasso walked overland, so as 
to be at his capital to receive them. His cortege was a 
mile long. The journey by water was by no meaner « 
pleasant one. It took three daye, and the second was 
an incessant passage of rapids. 

“TI shall never forget that second day’s journey! 
Rapids and falls succeeded each other without inter- 
ruption, and we had one formidable struggle for any 
hours. Ten natives were armed with long poles, six 
before and four behind ; two of them were constantly 
beating a tambour, and the others rowed or jumped 
in and out of the foaming water, on to the rocks to lift 
or push the boat. Only once the water came on board. 
All the maneuvers were executed with remarkable pre. 
cision, all the more astonishing because the chief was 
not there. Everybody was screaming and the drums 
beating all the time, adding tothe horrible noise of 
the roaring water. At first I was not, I must confess, 
at my ease! But the confidence of the men seemed so 
great, that we had really nothing to do but to sit still 
and admire their skill. I have named these falls the 
Hanesens Falls, as acompliment to the memory of Cap- 
tain Hanssens, who first penetrated into the waters of 
the Mobangi at the end of April, 1884.” 

Arrived in the neighborhood of the capital, music 
and singing greeted the travelers, and the king, who 
had preceded them overland, met them on the water 
in an enormous canoe, manned by eighty hands, and 
followed by a cortege of small canoes. On landing the 
king was met py a oT lively little squadron of girls. 
They were all his daughters. A native custom obliges 
them to remain unmarried, because there is no prince 
great enough to aspire to their hand. The description 
of the town of Baugasso is curious. 

‘We came out on an immense square in the midst of 
which was a large hall. The spectacle which unfolded 
itself to our eyes was most peculiar. All along the four 
sides were ranged fully armed warriors, ;probably 
about two thousand, heir shields touched the earth 
and were turned outward, and gleamed clean and 
bright as if for a drill of inspection. In the center of 
the square, and opposite the palace, a line of thirty 
soldiers dressed like Soudanese, and armed with guns, 
was drawn up, and fired a salvo in our honor.” 

The king moved slowly forward, and evidently en- 
joyed displaying his power before the first white men 
that had ever visited Bangasso. He appointed them 
cowfortable quarters, and in the evening visited them 

uietly, with only his wife and a few of his daughters. 

e stayed till late, talking over all sorts of subjects, 
and quietly smoking and drinking beer with his guests. 
Captain Van Gele says : 

“I forgot for some hours I wasin Africa. We con 
versed freely by the aid of the Soudanese and two or 
three Zanzibaris who spoke Arabic. The Sakkaras 
language is negro, and not Bantu. The town of Ban- 
gasso isa vast conglomeration of bouses, of which I 
did not see the end. They stand in groups of six, 
eight, or ten, surrounded with gardens and plantations 
and connected by nice roads. The Sakkaras are a 
proud people. Bangasso himself has quite a genealogy, 
and mentioned to me ten of his ancestors, which would 
probably carry back the power of his family for two 
hund years. His son Bali will be his successor, and 
his place is two days above on the right hand of the 
M’bomo, at the foot of some other rapids.” 

Captain Van Gele established on this pone two gov- 
ernment stations, Mokoanghay and Banzyville. his 
upper part of the Mobangi-Welle-Makua watercourse, 
together with its larger tributaries, may now be said to 
be quite open for missionaries ; but it would be desir- 
able to reach it by the route followed by MM. Roget 
and Becker, the Likati River, rather than by the 
Mobangi itself, which is so seriously interrupted by 
cataracts that no steamer ean go far east by it. 
Among the other presents which Bangasso offered were 
two young elephants, captured by hunters sent out 
expressly for the purpose. They were brought to the 
camp a week after their capture ; but one died, and in 
spite of the greatest care the other soon followed it. 
he little animal was attacked one night by the ants, 
which swarmed intoits trunk and throat, producing 








inflammation and death. 
The population is very dense among the Abira on 
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the shores of the Welle-Makua, and though ns saw 
the white man for the first time, the people gave him a 
most hospitable reception. They had already received 
some years ago a visit from the slave-raiding Soudanese 
from the north; but they had man to defend 
themselves, and to inflict a pretty severe defeat yo 
the slave hunters, since which time the latter had 
never returned. In fact there is at present no Arab in- 
fluence whatever exerted in this country. Cannibal- 
ism prevails in it to some extent, but would be easily 
stopped by the residence of a white wan among the 
reople. he state inflicts a fine for every cannibal 
t. 

Where are the ambassadors for Christ for all these 
newly opened lands? Where is the steamer for the 
Welle-Makua? Where are the evangelists for the 
Sakkara nation ?-—Regions Beyond. 


ADIABATIC COMPRESSION AND THE 
VELOCITY OF SOUND. 


By Prof. Henry A. Morr, LL.D. 


As the part adiabatic changes have to do with ac- 
counting for the propagation of sound, according to 
the wave theory, fs not generally understood, it has 
occurred to me that as few, if any, works make the 
subject perfectly clear, possibly an article showing the 
connection as it is understood would be of interest. 

When Newton endeavored to calculate the velocity 
of sound from the elasticity and density of the air, he 
adopted the formula 


v-VE 


Where K_ represented the coefficient of elasticity, 
and which is equal numerically to the pressure in the 
air if the temperature is constant. 

That is, if the pressure of the air be represented by 
762 mm. (30 rad es of mercury and the pressure is 
slightly increased, and this increased pressure be 
divided by the diminution of the unit volume, we will 
have the elasticity which is numerically equal to the 

ressure exerted by 762 mm. (30 inches) of mercury. 

f, on the other hand, the pressure of the atmosphere 

were 701°2 mm. (28! inches) of wereury, the same ex- 
periment would give as a result the elasticity repre- 
eanted by the elasticity due to 701°2 mm, (28 inches) of 
mercury. 

Naturally, the elasticity of the air varies from day 
to day, just as the barometer varies, but, since the 
density of the air varies in the same ratio, this change 
of élasticity does not affect the velocity of sound, 


“Vv= /P =! 1,013,660 == 27,997 em. per second. 
Pp 


0°01292 
Where p = 0°012982 grammes per cubic cm. at 0° C. 
and 76 cm. barometric pressure at Paris, and p = 
1,018,660 dynes per sq. cm., the atmospheric pressure. 
Experiment has shown, however, that the velocity of 
sound in air is 5,203 em. greater than 27,997 em. per 
second, or 33,200 em. per second. Newton attempted 
to explain away this discrepancy, and, without re- 
ferring to his arguments, which were discarded, we 
will proceed to consider the explanation formulated 
first by Laplace and afterward developed by other 
acousticians, 

It isa self-evident fact that if the volume of the air 
is increased, without any alteration of temperature, 
energy must be supplied tothe air to enable it so to 
increase in volume, and if, on the contrary, the volume 
rewains constant but its temperature diminishes nata- 
rally, heat must be withdrawn; if, however, the air 
increases in volume and diminishes in temperature 
coneurrently, itis possible that these two changes may 
be vo adjusted that while the air undergoes two 
changes, heat is not lost, neither is energy acquired 
from without. Such expansion is called adiabatic ex- 
pansion — expansion during which the substance 
neither gains nor loses heat by conduction or radia- 
tion to or from surrounding A on If, on the other 
hand, the air diminishes in volume and increases in 
temperature concurrently, it is also possible that these 
two changes may be so adjusted that while the air 
undergoes two changes heat is not lost, neither is 
energy acquired from without. Such contraction is 
called adiabatic centraction and corresponds to the 
supposed condensation of a sound wave, while adia- 
batic expansion corresponds to the rarefaction, 

Now, assuming a condensation (7. e., contraction) to 
take place in the propagation of sound, and the heat 
developed in the compressed half of the wave had no 
time to be conducted or radiated away, then the ve- 
locity of sound would be equal to 


kK 
veVE 


Where & is the ratio between the two elasticities, or, 
what is the same thing,* the ratio between the two 
specific heats, 7. e., specific heat at a constant pressure 
(S,) and the specific heat at constant volume (S,).+ 

The specific heat at constant pressure is 0°2375 for 


air. 

The specific heat at constant volume is 0°1685, and is 
deduced as follows: One gramme of air occupies V 
c. ¢, at absolute zero of temperature T. T = 278. P= 
constant pressure in grammes per square centimeter = 





1,033. The volume of 1°293 grammes of air = 1 liter = 
1,900 em. 
1000 VP 1000 1033 
~Vv=—;3 —— = X 
1°'208 T 1°293 273 


= 2,928°4 gramme centimeters, which is the work done 
in the expansion of 1 gramme of air at any constant 
pressure when raised 1° C., and its thermal equivalent 





* at = «mall increment of temperature; Ee elasticity for const. 


temp.; 4p, increase of pre-sure ; Ey is the elasticity under the condi- 
tion that no heat enters or escapes ; Cp —S p H, constant pres.; 8 p, 
reduction of increment of pressure ; Cy — 6 p H, constant vol, 
ap 
En G&Ve at ap op Cc 
Et iz Sp sj Sp : Cy Cy 
a Ve at Op 


See Text Book of Phys., Anthony and Bracket, p. 198. 
+ See Nat. Philoe., Dexhauel, p. 464. 





is the excess of the specific heat at constant pressure 
above the specific heat at constant volume, or 0°0690, 
2928-4 
as——— = 0 
42400 
For 42,400 = gramme centimeter and gramme degree 
(Joule equivalent). 
As the specific heat of air at constant pressure is 
0°2375, the specific heat at constant volume will be 
0°1685, as 0°2375 — 0°0690 = 0°1685 





The ratio of these two specific heats is : 


8, 0°2375 
=—=—— = 1°4004 
8, 0°1685 


The elasticity of the air in the adiabatic condensa- 
tion is naturally increased over what the air would 
normally possess if the temperature were not raised or 
was constant. Substituting the value of k in the 


formula, we have 

va\/* K _ 4 /1,013,660 x 1°4004 
o ’ 0°01292 
Now, it has been stated that experiment has shown 

that the velocity of sound through the air is 33,200 em. 

per second, and a the above formula we deduce 33,253 

em. per second, which certainly compares most favor- 





= 33,253 em. per sec. 


ably. 
The velocity of sound, then, is always the square 
root of the elasticity divided by the density, or 


Va / gE meaning by the elasticity the ratio of any 


small increase of pressure to the corresponding de- 
crease in the unit of volume. 

If the compression takes place very slowly, giving 
time for all the heat generated to —- that ratio is 
numerically equal to the pressure ; if the compression 
takes place suddenly, allowing time for none of the 
heat whatever to escape, the ratio is the adiabatic 
elasticity, and is about 1°4094 times the value in the 
former case. Compressing the air a given amount adia- 
batically would require a certain added pressure ; com- 
pressing it twice that amount would require twice that 
pressure, but the ratio, which is the elasticity, is 
the same, and, therefore, whether the amplitude of 
vibration in a sound wave be much or little, the veloci- 
ty of the sound would be the same so long as the com- 
pressions and rarefactions occur so frequently that all 
the heat developed or absorbed remains in the wave 
where it is developed or absorbed. The quantity 
represented by ‘““E” in the formula for the elasticity 
of sound, or the modulus of elasticity, as it is some- 
times called in the tables, is then the ratio of the com- 
pressing foree to the amount of compression, and is 
not the compressing force itself. 

Therefore, if a small pressure is exerted upon air and 
a slight compression is produced, the elasticity is the 
ratio of that compressing force to the compression. If 
the compressing force be doubled, double the com- 
pression will be produced, but the ratio will remain 
the same, the adiabatic elasticity varying with the 
pressure. As the amount of compression and rarefac- 
tion due to the passage of sound waves is usually ex- 
tremely small in comparison to the total pressure to 
which the air is always subjected, the amplitude of the 
sound wave does not affect the velocity, which ac- 
counts for sounds of varying intensity, in which the 
amplitude of the air particles varies considerably, 
traveling with the same velocity. 

In case of explosions or in the firing of a cannon, 
where the compression is great, it is found that the 
amplitude does affect the velocity and increase the 
same, but after such sound has —— for a very 
short distance the amplitude of vibration becomes 
vastly less in consequence of the increasing size of the 
wave, and it is only for a very short distance from the 
source that the velocity even of such intense sounds 
differs from that of sounds of ordinary intensity. 

The reason for the increased velocity in the sound 
generated by an explosion is that the amplitude of 
vibration is large in comparison with the length of the 
wave. 

If a sound could be produced so intense that the am- 
plitude of vibrations at the source of such sound was 
equal to a wave length, 30 that the movement forward 
of the air particles would be equivalent to the whole 
length of the wave and would set the wave forward by 
that amount, then, naturally, the sound at the begin- 
ning would move forward, not only in consequence of 
the transfer of the motion from particle to particle, 
but also in consequence of the movement of the par- 
ticle itself. 

The increase of velocity due to the amplitude isa 
quantity of the second or third order. Therefore, when 
the amplitude is reduced to a fraction of the wave 
length, then the increase of velocity of the sound due 
to it would be infinitesimally small. Ordinary sounds, 
therefore, of varying intensity travel with the same 
er which of necessity has to be the case, other- 
wise all synchronism would be destroyed, as the sound 
from one instrument in a band of music playing ata 
distance would reach the ear in advance of the others, 
which we know is not the case. 

In considering the reasonableness of the application 
of the theory of adiabatic condensation to the wave 
theory of sound, it must be obvious that both adia- 
batic expansion or contraction is a kind of operation 
which could only be realized in practice if the expan- 
sion or contraction were almost infinitely rapid. In 
answer to this, the supporters of the wave theory 
claim that in the progress of sound waves the air is al- 
ternately compressed and rarefied, the compression 
and rarefaction occurring in such rapid succession that 
there is no time for any transfer of heat. 

If the heat produced in the compression (i.e., conden- 
sation) had time to become diffused, or if, as certainly 
would be the case in excessively slow vibrations, the 
air had time to flow round the vibrating object su 
posed to produce such compression, so that it could 
not become compressed or evolve heat, the speed of 
propagation of the sound pulse would have to be re- 
presented by the formula 

v=A/*K 
p 
which has been shown does not represent the actual 
velocity of sound in the air. 








Prof. Daniel* says: ‘* Air will not oscillate in waves 
such as can be propagated to a distance, unless there 
besome well marked compression or rarefaction pro- 
duced at the center of disturbance. . A vibrat- 
ing body, before it can act as a sounding body, must 
produce alternate compressions and rarefactions in the 
air, and these must be well marked. If, however, the 
vibrating body be so small that at each oscillation the 
surrounding air has time to flow round it, there is at 
every oscillation a local rearrangement—a local flow 
and reflow—of the air, but the air at a little distance 
is almost wholly unaffected by this.” 

Tyndalt says: ‘** When a common pendulum oscil- 
lates, it tends to form a condensation in front and a 
rarefaction behind, but it is only a tendency ; the mo- 
tion is so slow,t and the air so elastic, that it moves 
away in front before it is sensibly condensed and fills 
the space behind before it can become sensibly dilated, 
ee waves or pulses are not generated by the pen- 

ulum.” 

Helmholtz§ says: “The pendulum swings from 
right to left, with a uniform motion. Near to the end 
of its path it moves slowly, and in the middle fast. 
Among sonorous bodies which move in the same way, 
—_ very much faster,| we may mention tuning 
orks.’ 

Tyndal{[ also says: ‘*The prong of the fork in its 
swift| advancement condenses the air.” And Sir Win. 
Thomson says: “If I move my hand vehemently 
through the air, I produce a condensation.” It is per- 
fectly evident, then, according to the supporters of the 
wave theory, that to produce a “ well marked” com- 
pression, the motion of the vibrating body must be 
“faster” than the motion of the pendulum, and, in 
fact, must be ‘‘ swift ” or “* vehement ” motion. 

Now, if it can be shown that while the tuning fork 
is still producing sound, and, in fact, sounding audibly, 
the motion of the prong is not ** swift,” ‘‘ vehement,” 
or * faster” than the motion of a pendulum, but ex- 
ceedingly ‘‘slow” motion, having only a velocity at its 
swiftest point of about 149 in. in five minutes, then 
surely the learned supporters of the wave theory will 
willingly admit that no “well marked” condensation 
can be formed, and consequently no sound could be 
produced. For, surely, in this enlightened nineteenth 
century, the rational mind will not permit itself to be 
persuaded into the belief that if a body is moved for- 
ward and back with a velocity of about one foot in 
five minutes, a condensation and rarefaction will 
be produced in the mobile and free (not confined) air, 
but would naturally believe that the air will ‘ flow” 
around and not be compressed. 

It is clear that all we have to consider is one forward 
and backward motion of the prong of the tuning fork, 
for if the air is not compressed at the velocity with 
which it moves, then there is no need of considering 
any other forward and backward motion ; for if one 
forward and backward motion at a given velocity fails 
to produce a condensation and rarefaction, then ten or 
one million would fail at a like velocity. 

Now the facts are that the actual distance the prong 
of a C* tuning fork of 256 full vibrations travels when 
first bowed is about to ¥, of an inch, and that if 
actual measurements are made after it has been sound- 
ing for over a minute, the actual distance of its travel 
will be found to be y,}5% of an inch, and as it makes 
256 full vibrations, the actual distance the prong 
travels in one second will be $}3,1°5708 (correction 
obtained from comparing the conical and reciprocat- 
ing pendulum), or 14:9 inches in five minutes, and still 
the tuning fork continues to sound audibly for five 
minutes, and the distance the prong travels over still 
continues to diminish. 

It may be argued that when a body is moving uni- 

formly in air, with very moderate velocity, then if we 
neglect all friction, there is no sensible condensation ; 
the air is ‘‘ under way,” as a sailor would say. But 
stop the body and cause it to return, then will the 
inertia of the air carry the same onward, causing a 
condensation in front and rarefaction behind which 
will be propagated off with the velocity of sound—the 
condensation and rarefaction not alone being produced 
by the vibrating body, but by the inertia of the air in 
front, or by the momentum it acquires from the mov- 
ing gy * 
This line of argument seems extremely plausible, if 
we were not compelled to take into consideration the 
mobility of the air, its ability to flow around a slow- 
ly advancing body and not be pushed ahead or be 
“under way,” so to speak. 

When heat is applied to water, at 100° C., it is found 
that 536 C. H. units must be added to one pound to do 
the mechanical work of expanding the water 1,740 
times its volume into steam, and keep it so expanded ; 
and if heat be applied to liquid air it will likewise ex- 
pand, and the heat so added must be present to kee 
the air in its expanded condition, and it does suc 
mechanical work all the time. Now just as the so- 
called latent heat of steam gives to it its elasticity or 
spring power, so does the latent and sensible heat in 
air give to it its elasticity or spring power, on which 
its ability to flow around and not be compressed de- 
pends, and it must be clear that wntil this property of 
mobility or fluidity is overcome by a motion of the re- 
— velocity, the free air will not be compressed or 

riven onward in sucha way that by stopping the for- 
ward motion of the moving body and returning any 
condensation or rarefaction can occur by any supposed 
momentum acquired, for until this point is reached 
there will be no air possessing such momentum. 

Naturally, if the velocity be great, the property of 
mobility and fluidity of the air will be overcome, and 
air will be carried on and condensed in advance of the 
moving body, and if such body’s movement be stopped 
and reversed, a rarefaction will be produced behind, 
caused by the high velocity, while the spring power of 
the air will afterward endeavor to establish a normal 
Ss again. 

aking, then, the mobility and fluidity of the air 
into consideration, is it possible for any one to believe 
that the forward and backward motion of a vibrating 
body, traveling at a velocity of about one foot in five 
minates, is sufficiently rapid to overcome this property 





*Daniel’s Phys., p. 367. 

+ Third edition Sound, p. 38. 

¢ Italics are the author's. 

§ Sensation of Tone, by Helmholtz. 
| Italics the anthor’s. 

{ Loc. cit., p. 28. 
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of fluidity aud produce condensations and rarefac- 
ions ? 

~ It is clear that we must look for some more rational 
explanation than adiabatic compressions to assist us in 
explaining the velocity of sound. If we look upon 
hearipg as the sensation of sound, and upon sound as 
a modification of a force element which has objective 
existence and which is an entity in as true a sense as 
matter, though not material, and then upon the air as 
a conductor through which pulses of this foree are 
transmitted, we will arrive at a rational and consistent 
explanation of the phenomena of sound. 








MEMORY.* 
By J. O. HIRSCHFELDER, Prof. Clinical Med., Cooper 
Med. College. 


In one of his charming little plays the genial Moliere 
depicts the astonishment of a peasant who learns 
for the first time that he has been speaking prose all 
his life and did not know it. So many of us will pro- 
bably be amazed when our attention is called to the 
marvelously beautiful pictures that we have collected 
and stored in the gallery of the brain. And we shall 
learn with equal surprise that all of our fellow beings 
are not similarly gifted, but that some register their 
impressions in one manner and some in another. 

It is only within the last few years that the attention 
of psychologists bas become directed to this highly 
interesting department, and, as is so often the case, 
have found that the instinct of the race had already 
preceded in its march of discovery—that the fact was 
crystallized in the language of almost every nation, 
Until Francis Galton first directed our attention to the 
subject some eight years ago, probably few of us real- 
ized that the word imagine was to be translated liter- 
ally, or why it was that in so many different tongues a 
similar expression is employed to indicate an act of 
memory. 

Almost all of our definite knowledge of our relation 
to the outer world reaches us through the medium of 
sight, hearing, and touch, to which latter the muscular 
sense is added. Just in what manner memory occurs— 
thet is to say, by what mechanism we recollect—we do 
not know, but we do know that it must be due to some 
change in the nervous elements involved in the per- 
ception. Whenever an impression is made upon the 
body, that impression is made upon the nervous sys- 
tem. When we see an object, for example, the retina of 
the eye, which is simply a sheet of nerve tissue spread 
out over its posterior portion, becomes irritated by the 
rays of light falling upon it, and a change occurs in the 
delicate structure of that organ. The change extends 
rom it along the optic nerve, which is in direct com- 
mupication with it, and passes into the brain, reaching 
the surface of that organ, where it terminates in a well 
known and clearly defined region of gray matter. Now 
when the optic nerve has become irritated by light 1m- 
pinging upon the retina, the irritation extends through 
the entire line of nerve communication to the gray 
matter of the brain just referred to, and in all of these 
partsa peculiar, but as far as we know transient, altera- 
tion in the structure occurs. What bridges over the im- 
mense chasm between the excitation of the final nerve 
elements and the thought which arises in consequence 
we do not know. This is the great mystery which no 
scientist has yet been able to fathom—this is the bound- 
ary line between mind and matter, that no scientific 
investigation has yet been able to pass. 

Memory has.been well defined as the power to recall, 
represent, and reknow the objects which have been 
previously known or experienced in the soul. It is 
the most important of all the faculties, for without it 
the exercise of the others would be impossible. As 
stated by Dr. Reid: ‘The senses give us information 
of things only as they exist in the present moment ; and 
this information, if it were not preserved by memory, 
would vanish instantly and leave us as ignorant as if 
it had never been.” Itis the servant of thought and 
the conservator of our acquisitions. This was well 
understood by the Greeks, who made Mnemosyne the 
nother of the muses. 

Memory seems to be a quality inherent in organized 
matter. We see signs of it eeody in the inorganic 
world. A photographic plate is exposed to the action 
of the light in a camera, and is laid aside for months. 
Under the influence of the developing fluid the picture 
that had long ago been impressed upon the silvered 
surface is evolved, and what had been asimple white 
plate a few minutes before becomes a photographic 
negative. 

This property is shared by many substances. If an 
object be laid upon a sheet of white paper and exposed 
to the action of the sunlight, the paper, when put aside 
in the dark, will show an image of the object used in 
the experiment. 

We have the best illustration of memory in organized 
matter, however, in the acts which are hate by ex- 
perience, and which, when sutticiently often repeated, 
become automatic. Let us consider the art of swim- 
ming as an example. During the first period the 
would-be swimmer wust exercise his volition directly 
upon each set of muscles that is called into play, and 
in so doing, numerous unnecessary accessory move- 
ments are made. Probably many of you know how 
much exercise an inexpert swimmer can get out of a very 
short swim. Each time, however, the act is performed, 
an impression is made upon the muscles and nerves 
involved, and a portion of this impression remains. 

It is remembered, so that the next time the act be- 
comes easier, and finally no attention upon the part of 
the swimmer is required. He simply wills toswim, and 
glides along the water, each muscle acting at the pro- 
per time without any special effort. Here we have an 
example of organic memory. Each act suggests the 
one that,is to follow, and it, therefore, takes place. 

The extent to which this organic memory in which 
no element of consciousness exists may be developed is 
quite remarkable. Thus Carpenter relates the instance 
of a celebrated pianist who executed a difficult piece of 
music while asleep. Soldiers on foot have been known 
to fall asleep during the march, and to have con- 
tinued to walk on in spite of their somnolence. Even 
horsemen in the saddle make the delicate adjustments 
necessary to maintain their position while asleep. 

In each of the automatic acts in the commencement, 
while skill is being acquired, consciousness is present, 

* Delivered January 30, 1891, as one of the Lane Popular Lectures. 
From the Pacifle Medical Journal, 








and exerts its influence strongly, but that factor gradu- 
ally operates less and less, and finally, when the act has 
become automatic, it is performed entirely without con- 
sciousness, dependent only upon the organic memory 
for its performance. 

That consciousness is not necessary for action is prov- 
ed by pathological conditions, such as epilepsy, in the 
lighter forms of which consciousness is absolutely lost, 
but acts begun before the attack are sometimes con- 
tinued during and after the seizure. A very interest- 
ing account is given by Coleridge of a servant girl in 
Germany, who was very ill of typhoid fever, accom- 
panied with violent delirium. In her ravings she re- 
peated long passages from classical and rabbinical 
writers which excited the wonder and even the terror 
of all who had heard her, most of whom thought her 
inspired by a good or evil spirit. Some of the passages 
which were written down were found to correspond 
with literal extracts from learned books. When in- 
quiries were made concerning the history of her life, it 
was found that several years before she had lived in 
the family of an old and learned pastor, who was in 
the habit of reading aloud favorite from the 
very writers in whose works those extracts had been 
discovered. These sounds, to her unintelligible, were 
so distinctly impressed upon her wemory that under 
the excitement of delirious fever they were reproduced 
in her mind and uttered by her tongue. 

Such examples as these prove conclusively that no 
impression made upon the brain is ever completely 
effaced, that every sensation and every thought is 
faithfully recorded, and requires but the magic touch 
of memory to evoke it from its hiding place. As De 
Quincey says: ‘‘I feel assured that there is no such 
thing as ultimately forgetting ; traces once impressed 
upon the memory are indestructible ; a thousand acci- 
dents may and will interpose a veil between our pres- 
ent consciousness and the secret inscriptions on the 
mind. Accidents of the same sort will also rend the 
veil. But alike, whether veiled or unveiled, the in- 
scription remains forever.” 

In what is ordinarily termed memory, however, con- 
sciousness is the most important factor. An act of 
memory of a past event consists in calling up in the 
mind a representation of that occurrence, as it took 

lace, and the further recognition of the fact that we 

now it to have occurred before. 

How do we remember? What is the connection be- 
tween the occurrence in the past and the picture that 
arises in the wind ? . 

Various have been the answers to this query, and 
even to-day the opinions upon the subject differ. 

Conscious memory consists of three different acts : 

1. The retention of certain states. 

2. Their reproduction. 

3. Their localization in the past. 

There is a memory which enters into consciousness 
and amemory which does not. The first may be termed 
psychic memory, the second organic. 

n the form which we have termed organic memory, 
there is only retention of the impression and its recall, 
but no localization in time. In psychic memory we 
have all three. It is the localization in time which is 
the distinctive quality of consciousness. 

By localization in time we wean that the concept 
enters into relations with other concepts that have pre- 
ceded and followed it, and so becomes to our minds a 
portion of our past experience. 

As was stated a short time ago, all persons do not 
recollect in the same manner, their form of memory 
depending partly upon some inherited condition of the 
brain and ip part upon the direction in which the mind 
has been cultivated. 

The first condition of memory is that an impression 
has been made upon the brain. The channels through 
which these influences pass are the senses. These have 
well been termed the gateways of the soul. 

In what manner the information conveyed by the 
senses is registered and stored up in the wind we do 
not know; but certain facts observed lead us to infer 
that every impression made upon the brain, whe- 
ther it had entered into consciousness or not, leaves 
a permanent record behind—a record which can be- 
come translated into thought under favorable circum- 
stances, in other words, can be remembered. 

Under certain pathological conditions a hyperesthe- 
sia of the memory occurs, which proves to what extent 
such a registration of events does really occur. It is of 
frequent occurrence in fevers, in mania, ecstasy, —_ 
notisin, and sometimes in the early stages of brain dis- 
ease. Under conditions of great mental excitement 
the same increase of memory has been observed. 
Numerous individuals who had been saved from death 
by drowning relate that when asphyxia began, they 
seemed to review in an instant the whole of their past 
life with all its details. One man affirmed that every 
instant of his former life seemed to glance across his 
recollection in a retrograde succession, not in mere 
outline, but the picture being filled with every minute 
and collateral feature, forming a kind of panoramic 
picture of his entire existence, each act of it accom- 
panied by a sense of right and wrong. 

De Quincey gives a graphic description of a hyper- 
esthesia of memory caused by opium. He says: “I 
sometimes seemed to have lived for seventy or a hun- 
dred years in one night. The minutest details of child- 
hood or forgotten scenes of later years were often 
revived. Placed as they were before me in dreams like 
intuitions, and clothed in all their evanescent circum- 
stances and accompanying feelings, I recognized them 
instantly.” 

In order that we should perfectly remember a scene, 
for example, it is necessary that we should recall every 
one of its features, together with all the occurrences 
that transpired, and that we should know when and 
where we viewed it. If any one of these elements is 
not fully developed, we have imperfect memory. 

The location of this memory was formerly supposed 
to be the brain only. The Greeks imagined that the 
seat of memory was between the eyebrows, and the 
Romans placed it in the laps of the ears, while the 
Chinese supposed it to be in the larynx. The phreno- 
logists gave it a local habitation in the brain, but 
taught that each of the numerous faculties of which 
the mind is constituted has a special memory appro- 
priate to itself. There is noone seat of memory, but 
special seats for each memory. ‘* The eye records what 
it sees, the ear what it hears, and the other senses 
what comes within their several spheres, as well as the 
intellect what it thinks, the emotions what they feel, 





the will what it commands, and the muscles what they 
do, not only so, but each different class of sensations 
of any of senses, each form of activity of any of the 
senses, every different kind of voluntary wovement of 
any part of the body, has its distiuct memory. Where- 
ever we have distinction of action we have distinction 
of memory— which is the action’s record, the traces left 
of its activity ; and where the action is the most de- 
veloped there the memory is the strongest.” 

As Bain says: ‘‘We must regard it as well nigh 
demonstra that the renewed feeling occupies the 
very same. parts, and in the same manner, as_ the 
original feeling.” Wundt has observed a most striking 
example which proves this fact. If we look at a bright 
colored object for some time the retina becomes fati- 
gued, so that then if we look at a white surface we 
see the image of the object we had before looked at, 
but in the complementary color. Now, the very same 
thing ensues if instead of looking at a bright object 
we close our eyes and imagine it intently. Upon open- 
ing our eyes and looking at a white surface we will 
see the object imagined in the color complement- 
ary to that imagined, showing that the retina has 
become exhausted as in actual vision, and that it must 
have participated in the act of wemory. 

In order that this should be possible, it is necessary 
for us to sup that every impression made upon 
the organism leaves its traces behind. What the nature 
of this alteration is we do not know. It is not a coarse 
change that the microscopist or the chemist can detect, 
but is a molecular alteration, an analogue of which is 
found in the change that occurs in the violin that has 
long been played upon, in which the harmonies it had 
evolved seem in part to be stored up within it, giving 
forth a richer, purer tone with increasing use. But in 
addition to the impression made upon the nervous 
system, something more is necessary to memory. There 
must likewise be established dynamic associations 
between these impressions. Unless an impression 
made upon the organism have entered into relations 
with other impressions, it could not be recalled. This 
is the well known law of association. 

That which makes memory possible is the power of one 
mental state tocall into existence, or as wesay to suggest, 
another. This association of thought occurs in virtue 
of a law called by psychologists the law of re-integra- 
tion, which reads: Objects that have been previous! 
united as parts of a single mental state tend to recull 
or suggest one another. This is simply a paraphrase 
of the well known fact that the nervous system tends 
to act again more readily in a manner or form which is 
similar to any in which it has acted before. 

From this general law secondary laws of memory 
may readily be deduced. 

1. Association of thought readily occurs through re- 
lations of place. Of things that have been seen to- 
gether, each suggeste the other. Thus the thought of 
a shoe ora glove will call to mind its mate. 

2. Associations of thought occur through relations 
of time. Thinking of one event will suggest others 
which preceded or followed it. Thus the thought of 
the rebellion will suggest the emancipation of the 
slaves. 

3. Association of thought may occur through simi- 
larity. If I see a face that resembles that of a friend, 
it will bring that friend to mind. 

4. By contrast. Cold makes us think of heat, and 
light of darkness. 

5. By relations of cause and effect. The cause may 
recall the effect, and the effect the cause. 

6. The whole way suggest the part or the part the 
whole. In the same wanner the genus and species 
suggest each other. Similarly a concrete idea may 
call to mind an abstract one or vice versa. Thus the 
quality of strength may suggest the lion. 

7. Association of thought may occur through simi- 
larity of sound. Memory of rhyme isin part due to 
this fact. 

The completeness with which the original thought 
will be recalled will depend upon many conditions. 
The most important condition is the amount of atten- 
tion directed upon the primary perception. The more 
intense the original impression, the more accurate wili 
be its recollection. This fact is too familiar to require 
illustration. Sir William Hawilton says: ‘‘ The act of 
attention, that is an act of concentration, seems thus 
necessary to every act of consciousness, as a certain 
contraction of the pupil is requisite to every exertion 
of vision. Attention is to consciousness what the con- 
traction of the pupil is to sight, or to the eye of the 
mind what the aes or telescope is to the bodily 
eye. It constitutes the better half of all intellectual 
power.” ‘“‘Itis a law of the mind that the intensity 
of present consciousness determines the vivacity of 
future memory. Vivid consciousness, long memory ; 
faint consciousness, short memory ; no consciousness, 
no memory.” 

* By attention we mean the fixing of the mind in- 
tently upon one particular object to the exclusion for 
the time being of all other objects that solicit its 
notice.” 

Those objects will be best remembered, other things 
being equal, which have been the longest and most 
frequently before the mind. Recent events are more 
readily remembered than past occurrences. The greater 
the strength of the emotion associated with a fact, the 
more readily will it be remembered, for such occur- 
rences produce a powerful impression on the mind. 

Each sense has its images, visual, auditive, tactile, 
motor, ete. As has been so well suid by Shelley : 


** Music, when soft voices die, 
Vibrates in the memory ; 
Odors, when sweet violets sicken, 
Live within the sense they quicken.” 


We may employ all of these sense images or may 
habitually use only one. Each person bas his custom 
derived from the nature of his organization, and the 
result of the direction in which it has been developed. 
Experience has shown that individuals vary in the 
form of their memories. One remembers sound best, 
another forms, another color, another numbers. 

Accordingly as the mental impressions received by 
the one sense or by the other are the most vivid, and 
are the basis of memory, psychologists have set up 
different forms. The most frequent and at the same 
time most interesting — is the visual. Probably 
most of my audience, and especially the female mem- 
bers, belong to this form. If such an individual thinks 
of ascene viewed before, the image thereof will arise 
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in the wind clear and distinct. He sees before him that 
which he remembers with all the vividness of the actual 
occurrence. All the forms are present and the colors 
are as bright as reality. The lamented et Kirke 
White has painted for us the beauties of this form of 
memory in these lines : 
“ Pictured in memory s mellowing glass how sweet 

Our infant days, our infant joys to greet ; 

To roam in fancy in each cherished scene, 

The village churchyard and the village green ; 

The woodland walk remote, the woodland glade, 

The mossy seat beneath the hawthorn’s shade ; 

The whitewashed cottage where the woodbine grew, 

And all the favorite haunts our childhood knew ! 

How sweet, while all the evil shuns the gaze, 

To view tb’ unclouded skies of former days.” 


Francis Galton has made a large number of investi- 
gations of this subject, and has arrived at most unique 
results. Upon setting out upon his explorations, he 
first questioned a number of scientific friends upon the 
subject of mental images, and met with most discourag- 
ing answers. To his great astonishment, he found 
that ‘the large majority of men of science to whom he 
first applied protested that mental imagery was un- 
known to them, and looked upon him as fanciful and 
fantastic in supposing that the words mental imagery 
really expressed what he believed everybody supposed 
them to mean. They had no more notion of its true 
nature than a color-blind man who has not discerned 





his defect has of the nature of color.” Mach the same 
result followed inquiries made for him by a friend | 
among members of the French [ustitute. | 

Upon extending his inquiries among other classes 
of society, he found that the power was present to 
a varying extent in different individuals, from those in 
whowm the visual images were as clear as reality through | 
all the grades to those in whom it was absolutely | 
nil. 

The uses to which this power of mental visualization | 
are put are most interesting. It is, as a rule, well de-| 
veloped in painters, some of whom are able to paint a} 
portrait after seeing the subject but once. Doré for} 
one possessed this faculty. ‘ His memory of anythiog| 
he had once seen was marvelous; and he seemed to 
work at night as if the scenes he had made note of| 
during the day were still before his eyes. After once | 
driving through Windsor Park he knew by heart! 
every tree he had glanced at, and said that he could 
draw all from memory.” 

Chess players of note have the faculty of visualizing 
the board in their minds, and are thus enabled to 
play many games simultaneously blindfolded. Zuck- | 
ertort could play as many as twenty blindfolded 
games at once. One of the great chess players could 
lay twelve games at once without seeing the board 

e expressly stated that he had before him a perfectly 
vivid picture of each board which altered instantane- 
ously as each move was made, and thus remained 
printed on his mind till another move again changed 
the situation. 

The faculty is likewise well developed in those who 
possess the power of carrying out long and intricate 
processes of mental calculation. Thus Bidder, a cele- 
bated lightning caleulator, states that when he per- 
formed a sum mentally, it always proceeded in a visi- 
ble form in his mind. He had the faculty of carrying 
about with hima vivid mental picture of the numbers, 
figures, and diagrams with which he was occupied, so 
that he saw as it were on a slate the elements of the| 
problem he was working. 

Some persons see mentally in print every word that 
they hear or which they speak. One statesman assur- 
ed Galton that a certain hesitation in atterance which 
he has at times is due to his being plagued by the 
image of his manuscript speech with its original eras- | 
ures and corrections. He cannot lay the ghost and 
he puzzles in trying to decipher it. 

If a visualizer loses his mental images, he loses all 
power of memory. Charcot relates the case of a young 
man who was highly educated, being acquainted with | 
a number of languages, ancient and modern. He pos- 
sessed the power of visualization to an extraordinary 
degree, One day he suddenly lost this power ; from 
that moment a complete change ocenrred in him. His 
fine memory was gone, and with it all that he had 
known before, even the recollection of his native place. 
Every time that he returned to the latter he seemed to 
be in a strange city. He regarded the monuments, 


the streets, and the houses with astonishment, as if) of pictorial forms is the reason of the imperfect devel- | @ means of mental recreation. 


he had never seen them before. He could relearn the | 
streets, but with difficulty, so as to find his way, but| 
the clearness of his memory was gone. He had for- | 
gotten the details of the faces of his wife and chil- 
dren, so that each time he looked at them he discov 

ered new features. He had even lost the recollection 
of his own face. So much so that one day in a pub- 
lie gallery he found his way blocked by a strange 
gentleman to whom he offered his excuses, only to find 
that he was addressing his own reflection in a wir- | 
ror. 

The second type of memory is the anditive. Indi- 
viduals belonging to this group remember by sound. 
When they remember what they have read, they hear 
the words spoken as it were in the mental ear. They | 
do not recall the visual aspect of the page, as is the 
ease with visualizers, but the sound of the words. A 
clear illustration of the difference between the two} 
types is given in a conversation between Legouve and 
Scribe, two celebrated French collaborators in the field 
of dramatic literature. 

“When lI write a scene,” said Legouve to Seribe, 
“I hear it and you see it. With each phrase | write 
the voice of the person strikes the ear, for you the 
players act before your eyes. | am auditor, you are 
spectator.” “True,” said Scribe. “Do you know 
where lam when | write a play?’ In the middie of 
the parterre.” 

This auditive faculty may be highly developed, as is 
apt to be the case with musicians, who hear the sound 
of tbe music when they look at the votes, as was the 
ease of the deaf Beethoven, who composed and re- 


sist in spite of all effort. The ability to recognize peo- 
ple by the sound of the voice is likewise based upon 
this faculty. 

A third type of memory is the motile one. In most 
of our sense perceptions, especially sight and touch, 
certain movements play an important role. Thus in 
vision the movements of the eyeball are the control- 
ling factor in our judgments of distance and size. With 
certain individuals the recollections of these move- 
ments are the basisof memory. There are some who 
remember a picture best if they follow the contours 
with their fingers. A Parisian artist used this method 
in his artistic instruction. He would have his pupils 
trace the contours of the figures with the pencil held 
at some distance, compelling them thus to associate the 





muscular memory with the visaal. Galton relates | 
acurious fact noted by Col. Montcraff. He observed 
that a young North American Indian, in looking 
at a picture, traced the outline with his knife, saying | 
that by so doing he remembered it better. This young 
savage was a motile. 

The memory of a movement has the motile images 
as its foundation. When these are destroyed, the mem- 
ory of the movement is likewise lost. 

There are some individuals in whom a sound always | 
arouses a motile image of articulation. Prof. Stricker. 
of Vienna, is of this number. He says: *“* When I 
form an image of the letter P, the same sensation arises 
in my lips as if I were really pronouncing it. If I} 
think of the letter K, I experience the same sensation | 
at the base of the tongue as if I were speaking it.” 
Prof. Stricker is mistaken in ascribing his own mental 
peculiarity to all people. He evidently does not pos- 
sess Visual or aural pictures, but only motile images. 

To these types of memory described by psycholo- 
gists, I would like to add a fourth to which no refer- 





ence is made by them, but which I believe to be the 
most frequent, and that which is most utilized in re-| 
collection. I will call it the concept memory. It is the} 
recollection of thoughts which are not associated with | 
any sense image whatever. Certain of the mental 
states are perfectly independent of all sense percep- | 
tion. Such are for example the emotions, hope, joy, | 
sorrow, ete. These may be distinctly recalled, and in 
their recollection exactly the same emotion is re- 
experienced—true, not usually with the same inten- 
sity as that of the original emotion, but with suffi 
cient force to permeate our being. Such concept mem- 
ory is likewise utilized in the recollection of non-sen- | 
sorial thought. For example, in the recollection of a| 
train of reasoning, but few people utilize imagery, | 
either visual, aural or motile. 

In a similar wanner a large number of individuals | 
in whom these various forms of mental images are either | 
absent or are so poorly developed as to be of no prac- | 
tieal value, remember entirely by concept memory. | 
With such persons only those sensorial impressions | 
which have been translated into concepts are available | 
material for_recoliection. They can remember only | 
those facts which they have distinetly thought about. 





| As they recollect only concepts, individuals with this 


form of memory are at a great disadvantage as com- 
pared with the visualizer, tor example, in the reealling | 
of past scenes. When the latter desires to think of a! 
past occurrence the picture arises in the mind like a} 
colored photograph, which may be restudied and de-| 
tails perceived which had previously escaped the at- | 
tention. ln other words, concept memory stores only | 
that to which direct attention had been given at the} 
time, whereas perfect visual imagery gives a picture | 
that may be scrutinized at some future time. But on | 
the other hand, it is of immense advantage in abstract | 
thought, in which the mental pictures are disturbing | 
elements, tending to render the thought more less con- 
crete. 

Galton states that upon one occasion he suggested the | 
word boat to a young lady, and asked what idea arose | 
inher mind. The answer was that she immediately | 
saw the image of a rather large boat pushing off from 
the shore, and saw it was full of ladies and gentlemen, | 
the ladies being dressed in white and blue. He who! 
remembers by concept only is not disturbed by such | 
pictures. When the thought boat is suggested to his 
mind no special form is thought of, and his mind is 
prepared to receive such additional information as way 
be necessary in the case. He need not first battle with 
a conerete idea and remove it from the mind. | 

Probably the exercise of this concept wemory in ab- 
stract thought among scientific men to the exclusion 


opment of the visualizing faculty observed in them. 


To a certain and varying extent concept recollection 


the important factors in the process, but none of them 
have yet been able to produce the same results, [| 
have reliable testimony to the effect that, by this 
compound, a body has been preserved for an entire 
ear without a trace of decomposition. How much 
onger a body might be preserved the inventor does 
not at present claim to know. Independently of au- 
thentie reports, I should be inclined to accept what he 
has claimed for the compound. If it will accomplish 
what it certainly has in the case of the specimens 
which I will exhibit, there is no doubt, other things 
being equal, it will do the same in the case of the hu- 
man body. 

I think I can confidently state that certain evils at- 
tendant upon the dissection of the human body wil! 
be entirely obviated by the use of this compound. 


| There will no longer be danger from dissecting wounds 


if this compound be used for the preservation of the 
body. All of the noxious vapors characteristic of dis- 
section rooms disappear where this substance is used. 
My personal recollection of the miasma of the dissect- 
ing room is not a pleasant one, and I know of many 
students who were unable to dissect for any length of 
time without becoming ill. If this compound be burnt 
in a dissecting room at night, the windows and doors 
being tightly closed, it will be found the next day that 
the room is perfectly inodorous. Bodies dead of infec- 
tious or contagious diseases must, it seems to me, neces- 


| sarily lose their noxious properties when treated by 


this process, as it is certainly a most powerful antisep- 
tic. The method of its use is very simple. All that is 
necessary is a pint and ahalf of the compound and a box 
sufficiently large to contain ten gallons of pure air; the 
body is placed in the box, which must be air tight, on 
supports, so that the gas will cireulate freely about it. 
The compound is then lighted, and the box closed for 
twenty-four hours. The combustion compound pro- 
duces displacement ; it consumes the vapors from the 
body, and the displaced gases are replaced by the anti- 
septic gas. 

An extraordinary test was made with this compound. 
A floater was taken out of the river which was well ad- 
vanced in decomposition. After having been treated 
with this compound, the body was placed near a fur- 
nace boiler, and kept there for about three months, 
during which time there was not a trace of decom posi- 
tion or odor perceptible. If the process will accom- 
plish such results with human bodies, it certainly must 

a powerful disinfectant and antiseptic in rooms in 
which patients with infectious and contagious diseases 
have been confined. 

I present a basket of fruit and several specimens of 
meat; they have been lying in my office on top of one 
of my cabinets fora month anda half. A week ago I 
took down this mutton chop to see whether the pro- 
cess had preserved it, as I naturally suspected that, if 
the outer coating was removed, decomposition would 
be found to have occurred upon the interior. Mutton 
decomposes very rapidly, and if allowed to remain for 
a short time in a room, will become tainted. I found 
on opening this chop it was perfectly sweet. 

Here is a piece of pork treated in a similar manner. 
Pork decomposes with greater rapidity than mutton; 
but this, at the end of six weeks, was perfectly sweet. 

I saw some oysters the other evening that had been 
treated with this process several months before. They 
had dried down very much like Saratoga chips. One 
of these oysters thrown into the waterand allowed to 
remain ashort time assumes precisely the appearance 
of a fresh oyster, and does not present a particle of 
taint. Eggs may be treated in the shell by this pro- 
cess, and will keep for months. I have here a couple 
of eggs that were treated by this process; they were 
broken in a glass, and remained without a particle of 
odor. As you see, they were dried down into a crys- 
talloid. 

I will state that this compound will be placed in the 
hands of the medical colleges for use in a very few 
weeks. Personally, I should be pleased to hear their 
reports, whether confirmatory or otherwise, of the 
statements made here to-night. 


PHARMACEUTICAL ETYMOLOGY. 


Mr. J. C. HYSLOP, pharmaceutical chemist, lately 
read a paper on this subject to the Chemists’ As- 
sistants’ Association. Mr. Hyslop opened with a few 
rewarks on the advantage of the study of language as 
By language he meant 
language considered as a spontaneous outcome of ap 
ever-living, ever-growing expression of man’s eternal 





is a part of every memory, least with those who em-| mind. Speak not glibly, he said, of “ dead languages.” 
ploy some other form, entirely with those who are de-| Language dies not : the people and nations who, in the 
pendent upon it alone | course of their existence, form and use the language as 

During the past hour it has been my purpose to in-| @ means of communicating their ideas to one anvther 
struct you upon the nature of memory, upon the man-| die like leaves, and but for their language would be 
uer in which impressions are registered in the mind, | all forgotten. The language still lives, its ‘“‘ etymons” 
and the mode in which they rise like ghosts of the | remain, locked up insecurity, as lives the germ within 
past into consciousness. We have studied the laws in | the seed of fruit, ready to burst forth in response to the 
accordance with which these acts take place, and the | demands of fresh surroundings to serve once more a 








peated inwardly his wonderful symphonies. An in- 
stance of most marvelous auditive memory is found | 
in Mozart, who, upon twice hearing the Miserere of | 
the Sixtinian Capella. wrote out the seore from)! 
memory. Probably many of wy hearers will be wade 


aware of the faet that they too remember aural ima,es, 
when they call to mind the fact of being haunted bya 
melody, which seems to sound in the mind and to per- 


differences between various individuals in regard to| 
their mental pictures, In a succeeding lecture it shall | 
be my pleasure to teach the methods whereby the 
natural memory may be educated and strengthened. 


A NEW METHOD OF EMBALMING AND PRE-| 
SERVING ANIMAL AND VEGETABLE TIs-! 
SUES 


Dr. G. FRANK LYDSTON presented at a recent meet- | 
ing of the Chicago Academy of Medicine a collection 
of material illustrative of a new method of preserving 
animal and vegetable tissues. He said : 

Some time ago a gentleman of Chicago, who has | 
been experimenting in various methods of embalm- | 
ing. called my attention to a new preservative com- 
pound which he bad prepared. His statements as to 
its efficacy were, tosay the least, striking, and I began 
making sowe experiments with it, with what appeared 
to me to be extraordinary results. 

The preparation is composed, as nearly as I can learn, 
of some form of sulphur in combination with sassa- 
fras, cinnamon, and essential oils of various kinds.* | 
The regular process of combination I do not know. 
The compound has been analyzed by a number of dif- | 
ferent chemists, who say that sulphurous acid is one of | 


i 


* 1t 1s probably a bieulphide of carbon compound, —Ep. 


kindly turn in the limitless cycle of existence. He 
would attempt a rambling excursion into the field of 
philology. gleaving a sawple or two of the etymons 
whieb underlie the nomenclature of pharmacy. 

Upon opening the Pharmacopaia, we ,find thrown 
together, apparently by the aecident of alphabetical 
arrangement, the names of substances of the greatest 
diversity—e. g., acacia, acetum, acidum, aconitum. 
The Greek ak equals sharp, piereing, biting ; thus we 
get acacia, the prickly or thorny leguminous plant ; 
acetum, the sour; acid, a very sour substance ; and 
aconitum, so named by the Greeks themselves as being 
the sharpest of poisons—that which kills at one sharp 
thrust. 

Theu we come to alcohol, a word of most interesting 
origin. The Arabians used to pay great attention to 
the preparation of a pigment for ladies’ eyebrows. The 
best brought a very high price, and was termed a/-koh/, 
“the holy black—the sacred black.” From this pre- 
paration, so highly attenuated and employed for a 
purpose so sublime, came the word alcoho! to designate 
the high rarefied spiritual essence prepared at first by 
the distillation of the finest wine. 

This sawe oriental prefix, @/. very often occurs—as, 
for instance, in al-Kali and in al-mond. Note that the 
term Jordan almonds, by the bye, has nothing to do 
with the neighborhood of Jordan’s erystal fountain, 
being simply a corruption of Almonde Jardine—i. ¢., 
cultivated almonds-—-like Shooter’s Hil}, a corruption 
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of ** Chateau Vert ;” a noted castle, covered with ivy, 
having given the name to the locality. 

Amylum is an interesting word, exactly the opposite 
to triticum ; @, privative, myle, “awill” ; that (grain) 
whieh has no need of being sent to the will. ‘* Triti- 
eum,” from tribo, ‘* that which is ground down fine be- 
fore being used ;” whence also we get the word tribula- 
tion—that polishing process which ends so well but is 
so very hard to bear. 

As to the English word starch, it is siguply native 
Saxon, and means that which makes stiff, stark. 

Arsenic is from arsen, masculine, “strong,” from 
its well known potency as a poison. 

Asafetida : literally the stinking staff, from assa, 
Persian, “ a staff.” 

Atropa Belladonna: Atropa was one of the Fates, 
whose duty it was to cut the thread of life ; belladonna, 
of course, has reference to its use by ladies to dilate the 
pupil of the eye. 

Aurantium comes to us through several orthograph- 
ieal changes, and a simulation of Latin origin which 
is purely fictitious. The Sanskrit nagaranga became 
changed by the Arabs into narenj. The Italians 
dropped the “n,” and made it into arancia, whence in 
process of time we get aurantium, asif from auruwm, 
from which it certainly is not derived. 

Bismuth is from German weisse, ‘* white,” and muth 


“lively ;” lively-white, from its pinkish whiteness as | f 1 ; 
|the fig thrives luxuriantly, and needs little, if any, 
| winter protection, except in unusually severe winters. 


compared with the ‘* dead-white” of silver. 

Camphor: Sanskrit karpura, ‘ white.” 
kapura. Hind., kapur. Latin, camphora. 

Clove reminds us of a word having two distinct 
meanings, according to its origin—the unexpanded 
flower-buds of Caryophyllus aromatiens being named 
from the Latin cloows, French clow, **a nail,” from 
fancied resemblance. The clove of garlic isso named 
from the Anglo-Saxon cleofan, ** to cleave,” with refer- 
ence to the phenomenon of the little bulb, the clove, 
splitting away from the mother bulb. 

Casearilla: The darling bark—a name at first given 
by the Spaniards to all the barks of the cinchona tribe 
because of their singular virtues, cascara being the 
Spanish for ‘** bark.” Now we know that the term has 
been restricted to another kind of bark, that from the 
Croton elateria. 

Catechu (pronounced cate-shoo), which from a false 


Malay, 


analogy to words of Greek origin, such as catechism, |- 


eatechumen, ete., people will persist in calling kate- 
ku, comes from the two Indian words, cate, “a tree,” 
aud chu, ** juice.” 

Chirata: A native of Northern India, named from 
the Keratas, a wandering tribe of those parts who 
were the first to bring its medicinal virtues into notice. 
Kirata-tikta, the bitter herb of the Keratas. So like- 
wise, something strange to say, those two other bitters, 
gentian and quassia, are both named from the persons 
who introduced them—Gentius, a physician, and 
(Juassy, a negro. 

Colchicum : Named from Colchis, the birthplace of 
Medeia, a distinguished daughter of one of its kings, 
who, after a rapid, busy career as sorceress and 
poisoner, per orbem terrarum, was finally deified post 
mortem by the Colchians as a fitting honor for having 
played such extraordinary pranks. 

Hemlock is a truly Anglo-Saxon term—healm, 
“stubble or hay,” from the hay-like appearance pre- 
sented by the dried herb. At first this word seems to 
have been applied to all the tribe, or nearly so, of the 
British unbellifere, but later on became restricted to 
the Conitum maculatum. 

Coriander seems to present some little difficulty. 
Most ‘likely it is from the Greek koris, “‘a bug.” It 
seems, however, to have been the fashion to name at 
different times and places many of the umbelliferx in 
honor of this little insect, either from the odor of the 
fruits or the real or supposed power of keeping the 
pest at a distance. The difficulty is that while the 
Greek for ‘* bug” is koris, the Greek for ‘a little 
damsel” is kKorion, so that coriander may spring from a 
more refined etymon, after all. 

Crocus: Persian kurkum, “ yellow”; so curcuma, 
“the yellow root.” As to turmeric we need not travel 
far for its etymon. Our easy-going neighbors over the 
Channel came somehow to call it terre-merite, some- 
what for a like reason, probably, as that which in- 
duced a baker to call a certain double sulphate “stuff,” 
and we in complimentary mood say “ turmeric.” 

We must not omit the word saffron, though for this 
we have to go back a long way. Catch hold of an 
Arab word, as-far, transpose the ‘“‘a” and ‘*s,” put in 
another “f,” and there we are—as far as we can go. 
By the bye, in Liddell and Scott’s Greek Lexicon there 
is the amusing announcement that crocus is also the 
name given to the dried stamens of the plant. Grano 
salis accipiendum. 

Digitalis: Latin, digitus, a finger ; digitale, ‘a glove, 
a covering for the fingers.” Foxglove has no connec- 
tion with our friend Reynard, being simply made up of 
fair-folks’—7. e., fairies’—glove. 

Ergot: Old French argot, ‘* ecockspur.” 

Foniculum, and therefore fennel, from fenwm, 
‘** hay”—whether from its odor or from its hay-like ap- 
pearance is doubtful. 

Galbanum: Persian for ‘‘ milk,” whence the Latin 
lac, lactis; when it flows from the plant this sub- 
stance being a rich, white, milk-like juice. 

Glycerine, we all know, is from gilucus. ‘‘ sweet ;” 
the sweet principle of fats. So glycyrrhiza, the same 
adjective combined with rhiza, *‘ a root ;” the sweet- 
root plant—by corruption of which we get our English 
word licorice. 

Dandelion is a corruption of dens leonis, a reference 
to the jagged margin of the leaves, Taraxacum, 
Arabic tarakhshagun, “ wild lettuce.” 

Valerian : Simply from the Latin valeo, from its 
benign property of curing the hypochondriacal and 
hysterical, changing the invalidi into the validi. 

Rhubarb : So named from the river Rhu—the Volga 
—and barbarus; introduced during the Roman as- 
ai by the inhabitants of the banks of the 

olga. 

Ginger: From fancied resemblance of its rhizome 
to a deer’s horn. Sanskrit, Cringa-vera (Cringa, 
“horn,” and vera, ‘‘ shape”). 

Scammony : From the Greek, an excavation ; named 
from its mode of collection—a small cavity being made 
in the ground close to the incised root, into which a 
cockle shell or similar receptacle is placed for the juice 





} 





It comes from the Arabic tamar, ‘‘a date.” Tamar- 
Hindi, the Indian date. German, dattel. 

Mr. Hyslop concluded his interesting paper by ex- 
putes the satisfaction he should always feel at 

ing invited to a swall share in the general life and 
works of the association. He also expressed the hope 
that the association would long continue to flourish 
and attract men of the soundest minds and aims—men 
who loved knowledge because of the power they know 
themselves to possess of turning that knowledge into 
wisdom, and who would, with fitting enthusiasm, 
make use of both for the advancement of our noble 
avocation—the art of pharmacy—and the public good. 








THE CULTURE OF FIGS. 
By W. F. Masskry, Horticulturist. 


A LARGE portion of North Carolina is well adapted 
to the culture of the fig, and in every part of the State 
oo for home use can be had by taking a little 
trouble in growing the trees in proper shape for pro- 
tecting them ‘in winter. The writer for many years 
succeeded in growing fine crops of figs in a cold and 
elevated locality in northern Maryland, where the mer- 
cury dropped below zero nearly every winter. The 
method used will be explained further on. All over the 
low country of eastern and southern North Carolina 


In all this seetion the culture of improved varieties 
wight be made profitable. With a viewto distribute 





FIG TREE BENT TO THE GROUND 
READY FOR COVERING. 


among the cultivators of the State, the North Carolina 
Experiment Station has procured, through the United 
States Department of Agriculture at Washington, cut- 
tings of the best varieties from the fig-growing coun- 
tries of southern Europe and Asia Minor. These 
include all the famous sorts used for drying and ex- 
portation. 

In tropical countries the fig is an evergreen tree, 
growingand bearing fruit almost perpetually, but in 
countries where sharp frosts occur in winter it assumes 
the character of a deciduous tree. When the frosts are 
not too severe, or when the trees are protected from 
them, the rudimentary figs, borne on the young 
branches in late autumn, instead of falling off, as most 
immature fruits would do, seem to rest dormant, and 
in the spring renew their growth and ripen off into 
the first crop, which always gives larger and finer fruit 
than the late summer and autumn crops. If we give 
the trees protection in winter, these immature figs can 
be carried through quite severe winters, but with the 
careless culture which the fig receives in North Caro- 
lina they are usually lost. The fig may be grown from 
seed, cuttings, or layers. The seed of the freshly im- 
ported dried figs will usually grow readily and will 
generally reproduce the same variety. But to repro- 
duce a variety with certainty cuttings of well ripened 
one year old wood or layers must be used. 

In propagating from cuttings, young shoots growing 
on the sides of older stems, and not the rank and pithy 
shoots from the base, are best. These should be cut 
off in autumn after the leaves fall, with a “‘ heel” of 
the older wood. Set the cuttings at once in dry sandy 
soil nearly their entire length, and then make a ridge 
of soil over them thick enough to keep out frost. When 





a 
FIG TREE COVERED WITH EARTH. 


spring opens carefully scrape away this cover of soil so 
as to expose the tops of the cuttings, and they will soon 
break into growth and make fine plants by autumn. 
Layers are made by bending downa shootof last year’s 
growth, cutting a slit in the side of the shoot nearly 
half way through, so that the end of the shoot can be 
turned up and tied toa stake, and the incision buried 
in the soil. This should be done in spring, and by au- 
tumn the layer can be separated from the plant with a 
good supply of roots of its own. Where there isa 


greenhouse convenient, and command of heat can be | 


had, the plants can be rapidly increased in winter from 
single eyes of the mature wood. These are potted when 
rooted, and planted out in nursery rows in spring, 
making large bushes by autumn. 

People who have not studied the structure of plants 
commonly suppose that figs have no bloom. his is 
far from being the case, fer the flowers are wonderfully 
numerous. The fruit of the fig, popularly so called, 
is simply the floral receptacle, and the whole interior is 
covered with minute flowers. After these flowers have 
set seed the receptacle continues to grow and ripen, 
forming, with the seed carpels within, the edible fruit. 

The best shape to grow fig trees in frosty climates is 
in the form of a spreading bush or shrub, branched 
from the ground. Little pruning is needed. The rank, 
sappy shoots from the ground should be kept down 





to flow into gradually. 


Tamarinds must bring our little excursion to a close. 


after enough limbs are formed to make the head. 


best figs are grown on the short-jointed shoots pro- 
duced on the older wood, and the pruning should be 
mainly the shortening back of the branches lightly, 
after the crop has been gathered, to encourage the 
production of these shoots the following year. 

Where the winter temperature seldom falls below 18° 
or 20° above zero figs will need no special protection, 
but will beall the better for being planted in a situa- 
tion sheltered from cold winds. In cold climates figs 
can be easily protected in winter if branched from the 
ground. his is done by gathering the branches 
together in four bundles, after the leaves have fallen, 
and bending them flat to the ground in the outline of a 
cross. Fasten the branches down with forked pegs, and 
then cover with earth somewhat as shown in the cut. 
Let the earth cover be fully six inches thick, and in 
very severe climates cover the mound, when winter has 
fully set in, with straw or forest leaves, to prevent too 
severe freezing. The earth cover will be sufficient 
anywhere in North Carolina ; anywhere east and south 
of Raleigh no special ene eg will be needed. In the 
upland region about Raleigh they will be safer if bent 
to the ground and a few pine bushes laid over them. 
There is no good reason why, in the coast region at 
least, the culture of the fig for drying might not be 
profitably pursued. At any rate, figs preserved in 
glass or tin will always meet a ready sale, and in the 
immediate vicinity of the larger towns the sale of fresh 
figs could be made profitable to a limited extent. With 
the extension of canning and preserving factories in 
various parts of the State, the culture of the fig can be 
extended indefinitely. In the careless method of cul- 
ture now practiced here, or rather the no culture at all, 
the fig bush has to fight for existence with the weeds 
and wild growth in fence corners, and no pains being 
taken to protect it in winter, the figs formed in the 
fall of the year are usually destroyed by the winter 
and spring frosts. These fall set figs, if saved over 
winter, make the finest fruit of the season, and ripen 
in early summer, while almost the only figs now known 
here are the late summer and autumn crop, which are 
much inferior in size and quality to the early crop. On 
the immediate coast in the vicinity of salt water the fig 
flourishes and grows to a large size, but anywhere in 
the interior the crop will be better by keeping them 
pruned to bushes of six or seven feet high, and giving 
them whatever protection the situation requires. Our 
plantation of figs at the North Carolina Experiment 
Station is not yet developed to such an extent as will 
enable us to distribute long cuttings at present. We 
shall use all our wood the present winter in propagat- 
ing under glass from single eyes, and hope in the spring 
of 1891 to have a moderate supply of young plants for 
distribution in the eastern and southern sections. Those 
applying for plants will be required to file a written 
agreement to give them proper care, to keep the varie- 
ties distinct, and to report to the director of the station 
in regard tothe quality and productiveness and the 
comparative hardiness of the trees. Applications com- 
plying with these terms should be sent in during Feb- 
ruary and March, and will be filled as long as the sup- 
ply of plants lasts.—WV. C. Ag. Expt. Bulletin. 


PROTECTION OF THE APPLE CROP. 


NOTWITHSTANDING the fact that orchardists are 
urged by our leading journals, institute lecturers and 
others, to adopt some method of limiting the damage 
done to our important fruit crops, it is so lamentable 
and widespread a state of indifference, combined with 
ignorance, that has to be overcome, that I am led to 
wake this last effort, for this seuson, to induce, by a 
brief, plain statement of the essential requirements, a 
further employment of the remedies which progressive 
practical growers have found valuable, as well as some 
of the latest results from tests at several experiment 
stations. 

Even in this part of Niagara county, where each 
square mile contains thousands of fruit trees, no effort 
whatever, with perhaps two or three exceptions, is 
made to improve the quality of the fruit grown, each 
one being afraid of investing a few dollarsin anything 
so unstable as our chemicals ; yet they all look forward 
to a bountiful harvest, although it is widely known 
that our apple trees are infested with such an innumer- 
able host of ** scab” spores that hardly anything, short 
of a miracle, in the shape of the most propitious 
weather, would seem to be able to preventan even 
more disastrous attack than was experienced last 





while very favorable to fruit buds, the 
weather has been equally favorable to germination of 
the seab fungus, and it gives good promise of continu- 
ing ; so that in all probability a very large per cent. of 
our crop, great though the aggregate may be, will be 
fit for nothing but cider. It may be urged that even 
then they would pay, as the cider stock is very low, 
and prices will be good. This will doubtless be the 
ease, but it ought to be considered that the price for 


| first grade stock will be so high as to be far more profit- 


able, even ifa little expense is incurred in securing a 
larger proportion of good quality. No matter how 
many go into this matter of fighting the scab and worm, 
the market will not be overstocked, as both this coun- 
try and Europe are completely cleaned out of apples, 
either evaporated, canned or green, while for two years 
most people have hardly dared to look at a decent 
apple, much less think of buying, because of high 

rices ; so that there will be an unprecedented demand 
rom our own markets, especially if the crop is large 
enough to warrant moderate prices. 

But many cautious growers, painfully conscious of 
the scarcity of money for several years past, hesitate 
before incurring expenditure, and wonder as to what 
proof they have that the remedies advocated will pro- 
duce the result claimed, and whether they would be 
able to do the work properly. This isa perfectly pro- 
per position to take, provided that the presentation of 
credible proof will convince them; they do not take 
the stand of the man who said that he was open to con- 
viction, but would like tosee anybody who could con- 
vince him. ; 

When such men as 8. D. Willard, of Geneva, Geo. 
T. Powell, of Ghent, Professor Bailey, of Cornell 
University, Prof. Cook, of Michigan, Prof. Weed, of 
Ohio, and others who have country-wide reputations 
for disinterestedness, painstaking accuracy and prac- 
tical knowledge, all unite in urging the importance 





The th 


and proclaiming the practicability and success of these 
ings, reasonable men are forced to conclude that 





13884 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 806. 





June 13, 1891. 








this matter is worthy of their serious attention ; and 
it is to this class, who are awakened to the importance 
of the subject, and wish some working details of how 
and when to proceed, that the following outline of my 
proposed work this spring is addressed : 

I have procured a force pump having an attachment 
for keeping the spraying liquid in the barrel in con- 
stant and uniform motion, at a cost of $15. The kero- 
sene oil barrel which I use cost $1, and on this is placed 
the pump. The length of hose needed of course varies 
with the amount of work to be done, bat for $3 enough 
for ordinary use can be had. An all-important 
item is that of nozzles, and in this matter I believe 
that the best is the cheapest ; hence I paid $1.75 for a 
Jyclone with the Vermorel attachment, as with it frait 
and foliage can be the most thoroughly sprayed, with 
the least amount of liquid. It is eapable, by adjust- 
mentofthe parts, of allowing the tree to be sprayed 
from the inside, and also on the under side of the 
leaves. Another excellent nozzle, costing only $1, is 
the Nixon ; it is entirely satisfactory for nearly any 
kind of liquid or trees. 

I set the barrel in a one horse wagon, and one man 
drives and does the pumping, while another directs 
the spray from the ground. Usually the inner side of 
the two rows of trees are sprayed at the same time, 
by driving between them. A very handy adjunct is 
shown in Fig. 1, it being a ten foot bamboo pole, 


2 a 


Fra. 1. 





through which runs a light brass tube, the lower end 
having a connection for the hose, the upper end being 
furnished with a nozzle; with this itis a very easy 
matter to send a fine, mist-like spray to the very tips 
of large trees. The credit of its origin belongs to Pro- 
fessor Washburn, of the Oregon Station. This com- 
pletes the outfit, which, at a cost of less than $20, is 
capable of doing an immense amount of work in a most 
thorough manner; and the next, and in reality the 
most critical, step is the selection, preparation and ap- 
plication of the remedies. 

The question is to the best insecticides and fungi- 
cides is often asked, and it will beara little examina- 
tion. London purple, Paris green and other sub- 
stances have often been tried and have proved of no 
avail, and often conclusions have been drawn adverse 
to such applications, when the real cause of failure lay, 
not with the remedy, but in the fact that the work 
was so done that nothing else but failure could result. 
In this, as in all valuable work, hard common sense 
must be liberally used. The markets are full of con- 
coctions which claim totally to overthrow all the ills 
of plant life, and those —- 4 are induced to buy so 
often fail to secure good results that they become im- 
bued with the idea that it is a waste of time and 
money to bother with any insecticides and the like. 

Anything that is advertised to kill everything 
should be looked on as an outright fraud. Insecti- 
cides, like medicines, have their definite range of ac- 
tion, and ag the doctor suits the remedy to the disease, 
so the fruit grower and farmer must select the proper 
substance for the particular pest which he desires to 
overcome. Again, a remedy, no matter how good it 
may be, will not be of any avail if the proper time for 
application is allowed to pass unheeded. In all cases 
it may be laid down as arule that insecticides, to do 
the most good, should be applied just as soon as pos- 
sible after the first insects are seen, as most of them 
are much more easily killed when young than when 
more nearly matured. With fungicides, this principle 
is all the more important, as their effects are even 
more largely preventive; hence the proper time is 
while trees, etc., are yet dormant. 

Of many preparations which have been tried, the 
two which have proved the most effective are the am- 
moniacal copper carbonate solution and the modified 
eau celeste. The former is made by mixing three ounces 
of copper carbonate with one quart of 26 per cent. 
ammonia, and when all action has ceased, dilute 
with 28 gallons of clear water, as the usual amount of 
water (22 gallons) has been found to be very slightly in- 
jurious to the fruit. This is one of the easiest of all 
the mixtures to prepare, and is comparatively lasting 
in its effects, being also the cheapest of the best prepara- 
tions. 

To make the modified eau celeste or blue water, dis | 
solve two pounds of sulphate of copper in hot water” 


- 





in another vessel dissulve two and a half pounds of 
carbonate of soda. These when cold are mixed, 
and one and a half pints of 24 per cent. ammonia 
added to the mixture. When used, it is dilated to 32 
gallons. By the use of these a difference in the amount 
of seabby fruit of from 50 to 75 per cent. can be pro- 
duced, and with such varieties as Fameuse and North- 
ern Spy it often will make all the difference between 





failure and success. This benefit can be secured by an 
outside cost of 25 cents for each large tree, even in an 
unfavorable rainy season, while in a dry ordinary 
season, and oy purchasing the chemicals in wholesale 
quantities, this expense can be kept down to nearly half 
of this figure. 

I like to make d first application of the fungicide 
about the first of May for my section, it being just be- 
fore the first green of the foliage is seen; the second 

ust after the blossoms have fallen, and to the fungicide 

have decided this season to add London = (not 
Paris green) at the rate of one pound to 200 gallons, to 
destroy the codling moth worm; the third can be 
made four weeks later, should rains be infrequent ; and 
the fourth during the latter part of July. This is for 
an ordinary season, as should it be very wet it may be 
necessary to make twice this number of applications. 

A recent circular from the Division of Vegetable 
Pathology of the Department of Agriculture gives the 
accompanying illustration (Fig. 2) of a very convenient 
mode of transporting these liquids about the orchard, 
and being unpatented may be employed by any one, 
it being very readily made. The total cost, including 
the pump, 50 feet of hose, barrel, sled, two Vermorel 
nozzles, ete., is only $26.50, it being drawn by a single 
horse.—HZimer HZ. Summey, in Country Gentleman. 











FERTILIZERS.* 


OUTLINE OF THE HISTORY OF COMMERCIAL 
FERTILIZERS. 


1. THE history of commercial fertilizers practically 
dates back to the time when bones were first applied 
to the soil and their value as a fertilizer was recognized. 
Fertilizing with bones was first practiced in England. 
Probably the first instance of their extensive applica- 
tion was in the case of the farmers living near Sheffield, 
England, who applied to the land the bone and ivory 
clippings which were waste products of the knife and 
button factories of Sheffield. These clippings amount- 
ed to about eight hundred tons a year and were re- 
garded, until about a century ago, as a nuisance, the 
disposal of which was a serious problem to the manu- 
facturers. 

In 1774, the agricultural use of bones was first pub- 
licly recommended by Hunter, and successful experi- 
ments were made with bonedust. 

About 1814, Alexander Von Humboldt called public 
attention to the use of guano as a fertilizer, which he 
had seen used by the natives of Peru. : 

About 1817, the first superphosphate is believed to 
have been made by Sir James Murray. 

It was not until after 1820 that the use of phosphates 
assumed any great commercial or agricultural import- 
ance, and not even then was it appreciated what gave 
bones their value as fertilizers. 

About 1830, Peruvian guano began to be imported 
into Europe as a fertilizer, and, a few years after, into 
the United States, especially at the South. 

About 1840, Liebig — the results of his re- 
searches and suggested that plants must obtain mate- 
rials for their growth from the soil as well as from the 
air and water, which alone were previously supposed 
to furnish plant food ; and, hence, that the proper life 
of a plant can be benefited by furnishing those ele- 
ments that are necessary. It was shown that the phos- 
phate of lime in bones gave them their value, and that 
by dissolving bones with sulphuric acid, they were 
made much more effective. he demand for bones 
then outran the supply. Other sources were looked 
for, and in 1843 a new source of phosphate of lime was 
found in Spain, consisting of a rock which contained 
considerable amounts of phosphoric acid. On trial, 
this rock was found to be a substitute for bone. 

In the United States, farmers first used bones about 
1790. The first bone mill was built about 1830, and 
superphosphates were first used in 1851. The dis- 
covery of the so-called South Carolina rock was a great 
boon to those using commercial fertilizers, as this was 
found to take the place of bones. 

The investigations based upon Liebig’s theory showed 
that other elements in addition to phosphorus must be 
used to secure the best results, and gradually commer- 
cial fertilizers containing other elements came to be 
manufactured and offered for sale. 


PRINCIPLES UNDERLYING THE USE OF 
FERTILIZERS. 


2. Until fifty years ago, agriculture was without a 
scientific working basis. To the investigations of the 


|illustrious German chemist, Justus Von Liebig, we 


largely owe the advances that have been made in agri- 

cultural methods during the last half century. The 

following: four laws, which form the foundation of 

eng agricultural practice, were fully established by 
iebig: 

(1.) “A soil can be termed fertile only when it con- 
tains all the materials requisite for the nutrition of 
—! in the required quantity, and in the proper 
orm.’ 

(2.) ‘* With every crop, a portion of these ingredients 
is removed. A part of this portion is again added 
from the inexhaustible store of the atmosphere ; 
another part, however, is lost forever if not replaced 
by man.” 

(8.) ‘* The fertility of the soil remains unchanged, if 
all the ingredients of a crop are given back to the land. 
Such a restitution is effected by manure.” 

(4.) “The manure produced in the course of husban- 
dry is not sufficient to maintain permanently the fer- 
tility of a farm; it lacks the constituents which are 
annually exported in the shape of grain, hay, milk, and 
live stock.” 

These four laws of Liebig contain a clear statement 
of the principles underlying the use of fertilizers ; but, 
to understand their meaning with satisfactory clear- 
ness, we wust know something more in detail about 
the following subjects : 

A. The constituents and food materials of plants. 

B. The constituents of soils. 

C. The relations of soils and plants. 

Bay subjects will now be considered in the above 
order : 


THE CONSTITUENTS AND FOOD MATERIALS 
PLANTS. 


8. To chemical analysis, we owe all that we know 
+ From Bulletin No, 26, N. Y. Ag. Exp. Station, Geneva, N. Y., Peter 
Collier, Director. 
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about what plants contain or are made of. Less than 
eighty years ago, not a single vegetable substance had 
been accurately analyzed ; and, although in the thirty 
years following much was learned about the different 
elements contained in plants, it was not until after the 
investigations of Liebig that our knowledge of the 
chemistry of plants progressed with any satisfactory 
degree of rapidity. 


CHEMICAL ELEMENTS. 


4. All matter is composed of about seventy different 
chemical elements. A chewical element is any sub- 
stance which cannot, by any known means, be separa- 
ted into two or wore different kinds of «natter. For 
example, gold is an element, because, in whatever 
mauner it may be treated, we cannot get anything 
out of it but gold; pure gold contains nothing but 
gold. So, nitrogen is an element, because, as far as 
we are able to find out, it contains only one thing, that 
is, nitrogen. Similarly, carbon, sulphur, potassium, 
oxygen and iron are elements. 

ust as the twenty-six letters of our alphabet are 
combined in various ways to form the words of a whole 
language, so these seventy elements or simple sub- 
stances, constituting nature’s alphabet of matter, are 
capable of being united to produce all the different 
chemical compounds that go to make up the countless 
forms of matter. The number of different combina- 
tions possible between these seventy elements is practi- 
eally infinite. 


ELEMENTARY COMPOSITION OF PLANTS. 


5. When we state what elements any substance con- 
tains, we give its elementary composition. For exam- 
ple, sugar contains the elements carbon, hydrogen, 
and oxygen; this is a statement of the elementary 
composition of sugar. So, when we state what ele- 
ments a plant contains, we give its elementary compo- 
sition or analysis. The term ultimate composition 
means the same as elementary cowposition. e will 
now consider the elementary composition of plants. 

6. The exact number of different kinds of plants 
growing on the earth has never been definitely ascer- 
tained ; but the number probably exceeds 200,000. Of 
this large number, only a few have been subjected to 
careful chemical analysis, and yet, so uniform in all its 
great variety are nature’s methods of working and 
building, that we can quite safely say that, so far as 
the elementary composition of plants is concerned, 
little remains to be learned. Chemical analysis shows 
that, of the seventy elements known to exist, only 
fourteen are essential to produce all the different forms 
of vegetable life. 

While all plants contain certain chemical compounds 
in common, such as cellulose, albuminoids, etc., it may 
be that each plant contains in some one or all of its 
parts one or more chemical compounds peculiar to it- 
self, so that there may be as many distinct chemical 
compounds in the vegetable kingdom as there are dif- 
ferent species of plants. This, of course, cannot be 
known absolutely until all plants in existence have 
been carefully analyzed ; but, whether the number of 
different chemical compounds in the vegetable king- 
dom bea few thousand ora few hundred thousand, 
we know that they are almost entirely made up of 
fourteen elements, and these, therefore, form the chewi- 
cal alphabet of the vegetable kingdom, all the different 
vegetable compounds, like words from letters, being 
formed by the union of two or more of these elements. 

The fourteen elements which are regarded as being 
necessary to the perfect growth and development of 
every plant are the following: Carbon, hydrogen, nitro- 
gen, oxygen, phosphorus, sulphur, chlorine, silicon, 
calcium, iron, magnesium, manganese, potassium, and 
sodium. The element fluorine is of frequent occurrence 
in very small quantities, and the following elements 
are of rare or doubtful occurrence: Aluminum, barium, 
bromine, cobalt, copper, iodine, lead, lithium, nickel, 
rubidium, tin, titanium and zinc, but their occurrence 
is a matter of curiosity rather than of practical impor- 
tance, for, unlike the fourteen named above, they 
seem in no way to be necessary to plant life. 


AIR-DERIVED AND SOII-DERIVED ELEMENTS. 


7. The elements that are necessary to the growth of 
plants may be divided into two quite distinct classes, 
which have important and marked differences. These 
two classes are: (1) Air-derived or organic elements. 
(2) Soil-derived or inorganic elements. 


Air-Derived Elements. Sotl- Derived Elements. 
Carbon. Phosphorus. 
Hydrogen. Salphur. 
Oxygen. Chlorine. 
Nitrogen. Silicon. 

Calcium. 
Iron. 
Potassium. 
Sodium. 
Magnesium. 
Manganese. 





8. It is usual among writers on agricultural chemis- 
try to call these classes organic and inorganic elements, 
but this use of these words is extremely inaccurate ; 
for any element may be either organic or inorganic, 
according as it is or is not a part or product of an 
organized body. Oxygen, as it exists in the air, is in- 
organic matter, but when, through vital processes, it 
becomes part of an animal or plant, it is organic. 

9. These two classes of elements differ in three im- 
portant particulars, as follows : 

First, the elements of the first class are derived ex- 
clusively from the air, either directly or indirectly ; 
while those of the second class come exclusively from 
the soil. 

Second, air-derived elements disappear, for the most 
part, in the form of gases, when a plant is burned, 
while the soil-derived elements, usually the smaller 
part, are left in the form of a residue or ash, which 
further heating will not have any effect upon. Some 
earbon and oxygen and nit n are always found in 
the ash, while slight quantities of chlorine, sulphur 
and phosphorus are apt to be driven off by heating. 
The two classes of elements are, therefore, not so 
sharply defined in this regard as they are in respect to 
the sourees from which they come. 

Third, these two classes differ very noticeably in re- 
gard to the quantities in which they are present in 
plants, Thus, the air-derived elements constitute at 
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ieast ninety-five per cent. of the whole vegetable 
kingdom, while the soil-derived elements occur in 
small quantities, varying from a fraction of one per 
cent. up to ten per cent., or even more in some cases. 
Because the soil-derived elements occur in so much 
smaller quantity, it does not follow that their presence 
is of less importance; in their absence vegetation 
would disappear. 

We will now consider each of these elements in 
order, and mention briefly some of the more important 
characteristics of each ; but, before doing this, it is de- 
sired to explain the meaning of two or three chemical 
terms which we shall have occasion to use. 


ACID-FORMING ELEMENTS AND METALS, 


10. Of the fourteen elements which are found in 
plants, some are spoken of as non-metallic elements or 
acid-forming elements, because, in certain gombina- 
tions, these elements form well known acids. The 
other elements are known as metallic elenients or 
metals. . 


Acid-Forming Elements. Metals. 
Carbon. Calcium. 
Hydrogen. Potassium. 
Oxygen. Sodium. 
Nitrogen. Iron. 
Phosphorus. Magnesium. 
Sulphur. Manganese. 
Chlorine. 

Silicon. 





ACIDS AND SALTS. 


11. An acid is a compound containing an acid-form- 
ing element combined with hydrogen and oxygen, or, 
in some cases, with hydrogen alone. The following 
examples will serve to illustrate : 

Nitrogen and hydrogen and oxygen form nitric acid; 
phosphorus and hydrogen and oxygen form phosphoric 
acid : sulphur and hydrogen and oxygen form sul- 
phuric acid ; chlorine and hydrogen form hydrochloric 
acid. The common name of sulphuric acid is oil of 
vitriol; the common name of hydrochloric acid is 
muriatie acid. 

12. A salt is a compound formed by putting a metal 
in the place of the hydrogen of an acid; that is, an 
acid differs from a salt simply in having a metal 
where the acid has hydrogen. Every acid has a salt 
corresponding to it. For example, as stated above, 
nitric acid consists of nitrogen and nee apd 
oxygen. Now if we put the metal potassium in place 
of hydrogen, we have acompound containing nitrogen 
and potassium (in place of hydrogen) and oxygen. 
This compound is the potassium salt of nitric acid, 
and is called potassium nitrate, or, sometimes, nitrate 
of potash. Again, phosphoric acid consists of phos- 
phorus and hydrogen and oxygen ; in place of hydro- 
gen, put one of the metals, as calcium, and we have a 
compound containing phosphorus, calcium (in place of 
hydrogen), and oxygen, which is the calcium salt of 
phosphoric acid and is called calcium phosphate, or, 
sometimes, phosphate of lime. Similarly if a metal, 
as magnesium, is put in the place of the hydrogen of 
sulphuric acid, we have the magnesium salt of sul- 
phurie acid, or magnesium sulphate, familiar to us as 
Epsom salt. If in hydrochloric (muriatic) acid we put 
some metal as sodium in place of the hyd n, we 
have acompounéd consisting of sodium and chlorine, 
which is the sodium salt of hydrochloric acid and is 
called sodium chloride, sometimes muriate of soda, 
familiar to us as common salt. 

The word “salt” as used in chemistry applies to a 
great number of compounds, and many of the sub- 
stances we have to deal with in speaking of the fertilizers 
are chemical salts, that is, substances formed by put- 
per some metal in place of the hydrogen of some 
&eid. 

CARBON. 


13. Importance of Carbon.—The element carbon may 


be ealled the central element of all animal and vege-| P® 


table substances ; for there is not a living thing, from 
the smallest cell to the giant tree, which does not con- 
tain carbon as a necessary constituent. That all 
vegetable and animal substances contain carbon can 
easily be shown by simply heating them sufficiently, 
and thus causing them to blacken or char. When, for 
example, wood is heated, the different elements of 
which it is composed are driven off in one form or 
another, but the carbon is the last to and remains 
behind as a black substance or cha , unless heated 
higher, when it disappears or burns up. 

14. Occurrence of Carbon in Nature.—Carbon usually 
occurs in nature united into compounds with other 
elements. Thus, most products of plant life contain 
carbon combined with the elements hydrogen and 
oxygen ; such as starch, sugar, and cellulose or woody 
fiber. Carbon combined with oxygen occurs in the air 
in the form of carbon dioxide, commonly called car- 
bonic acid gas. Carbon, when combined with oxygen 
and some element such as calcium, occurs in the form 
of carbonates ; for example, marble, limestone, and 
chalk are chemicaily known as calcium carbonate or 
carbonate of lime. 

Carbon by itself or in the free condition, that is, not 
united with any other elements, is familiar to us in 
several different forms; the most common of these 
forms are (1) diamonds; (2) graphite, which is used in 
the manufacture of lead pencils; (3) ordinary wood 
charcoal; (4) lamp black; (5) animal charcoal; (6) mineral 
coal. Excepting diamonds, these forms of carbon are 
more less impure, containing some other things mixed 
with the carbon. 

15. It is pertinent to make here the inquiry, ‘* What 
is the relation of carbon to fertilizers?” Before we can 
answer this question satisfactorily, we must know 
what is meant by a fertilizer and what must be re- 
garded as necessary constituents of a fertilizer. We 
will, therefore, turn aside from our consideration of 
the element carbon and take the opportunity at this 
Stage to give some definitions of general and special 
terms which we shall have occasion to use more or less 
frequently. 

DEFINITIONS. 


16. Fertilizer.—As ordinarily spoken of, a fertilizer 
may be defined as | substance which, by its addition 
— is intended to produce a better growth of 


The materials which come under the head of fertil- 





izers are numerous in kind, and different both in form 
and in the manner in which they act. 

17. The following tabulated classification, while not 
strictly accurate in every respect, will serve to give a 
good general idea of the number and relations of the 
terms used in speaking of fertilizers: 


f (Stable manure. 
Refuse vegetable 


matter, 
1 Natural {Green crops for 
plowing under, 
Cotton seed, 
Muck, maris, etc, 
f a. Complete or 


General. 
b. Incomplete or 
Special. 
Commerci 
2 Artificial ; (Chemical, 
Prepared 


( JL. Direct + 


FERTILIZERS + 





L 


IT. Indirect ta 
1 Sait, etc, 





These terms are, in general, loosely and indiscrimi- 
nately used, as their meaning is often misunderstood ; 
and so an attempt will be made here to define them in 
accordance with the best usage of the terms. 

18. A direct fertilizer is one that contains elements 
of plant food which are available at once, that is, 
— can be taken up and used immediately by 
plants. 

19. The term available is applied to plant food which 
is soluble, that is, in such a condition that the roots of 
the plant can take it up readily in solution. 

20. Plant food is unavailable when it is in ap insolu- 
ble form, so that the roots of the plant fail to take up 
any part of it. A large proportion of plant food pres- 
ent in the soil is unavailable, but by the action of air, 
water, carbonic acid, etec., it is gradually changed to 
soluble or available forms, which the plant can take up 
and use. As will be noticed later, phosphoric acid in 
the form of insoluble calcium phosphate or phosphate 
of lime is unavailable as plant food, but when con- 
verted into a superphosphate or soluble calcium phos- 
phate, it becomes available. Unavailable plant food 
is potential food or food in reserve. 

21. An indirect fertilizer is one which does not far- 
nish to the soil any needed plant food, and which may 
not be a plant food at all, but which is characterized by 
the way in which it acts on the matter already in the 
soil, changing more or less of it from unavailable plant 
food to an available form. For example, lime, gypsum, 
salt, etc., are indirect fertilizers, so far as they have any 
fertilizing action. Later some attention will be given 
to the action of some of the most familiar indirect 
fertilizers. 

22. Notural fertilizers include the solid and liquid 
excrement of animals, all kinds of vegetable refuse, 
green crops for plowing under, cotton seed, mucks, 
maris, ete. - 

23. Artificial fertilizers are also known by such 
names as commercial fertilizers, chewical fertilizers, 
prepared fertilizers, etc., and are artificial preparations 
or mixtures of fertilizing materials sold under trade 
names, The fertilizing materials used in making these 
mixtures include the substances found in natural de- 
posits and by-products of numerous industries, which 
are obtainable by farmers —_ through the channels 
of trade. Some substances which might be classed as 
natural fertilizers, such as cotton seed meal and tobacco 
stems, are also included among the materials of artifi- 
cial fertilizers. 

24. Complete fertilizers, known also as general fer- 
tilizers, are those which contain nitrogen, phosphoric 
acid, and potash. 

25. Incomplete fertilizers, also called special fertiliz- 

ers, are those which contain only one or twoof the 
Serene, SOREN nitrogen, phosphoric acid, and 
tash. 
26. There is a common practice among farmers and 
dealers of calling all commercial fertilizers ‘* phos- 
phates,” regardless of whether they contain any phos- 
phates at all or not. The practice is clearly objection- 
able, because a phosphate is not the only fertilizing 
constituent present in commercial fertilizers—in some 
cases it may be entirely absent. The term ‘“super- 
phosphates” applies truthfully to many commercial 
fertilizers, but even these cannot be correctly spoken 
of as simply “* phosphates.” 

Having considered such definitions as we may have 
occasion to use more or less frequently, we can now re- 
turn to 


THE RELATIONS OF CARBON TO FERTILIZERS. 


27. We know that carbon must be an important ele- 
ment in — food, since it forms nearly one-half of 
the solid portions of plants. Notwithstanding the 
fact that carbon forms so large a portion of plants, it 
has no importance as an active food constituent of 
direct fertilizers. This statement may appear strange, 
and the question may be asked, ‘* Why is not carbon 
to be regarded as an essential constituent of direct 
fertilizers?” The answer is that the carbon of plants 
comes from the carbon dioxide (carbonic acid gas) 
of the air, and the air farnishes an inexhaustible and 
available supply of this substance. We do not, there- 
fore, need to ada carbon tothe soil. However, as we 
shall notice later, some forms of carbon possess value 
as indirect fertilizers. 


HYDROGEN, 


28. Occurrence in Natwre.—The element hydrogen is 
nearly always found uncombined with other elements. 
It combines with oxygen to form water. Hydrogen 
also occurs in most animal and vegetable substances, 
such as various kinds of wood, fruits, ete., when it is 
combined with the elements carbon and oxygen. Hy- 
drogen is always present in all Hinds of aci 

29. Description of Hydrogen.—Hydrogen, in the un- 
combined form, is a gas that resembles air, in that it 
has neither color, smell, nor taste. 


OXYGEN. 


30. Occurrence of Oxygen in Nature.—Oxygen is the 
most abundant of all the elements, The compounds 
which contain no oxygen are few in number. xygen 
forms nearly one-half of the crust of the earth, eight- 








ninths of water, about one-fifth of the air, and one- 
third of all animal and vegetable matter. 

Oxygen occurs in the air uncombined with other eie- 
ments. Oxygen, combined with the elements carbon 
and hydrogen, or with carbon, hydrogen, and nitro- 
gen, is found in substances which go to make up ani- 


mals and vegetables. 

81. Description of Oxygen.—As might be inferred 
from knowing that oxygen in the uncombined state 
— 4 part of the air, oxygen has no color, taste, or 
smell, 

Oxygen isa very active substance from a chemical 
point of view. It tends to unite with nearly all of the 
other elements. In all forms of burning, the oxygen 
of the air is simply uniting with other elements. Thue, 
in a coal fire the oxygen unites with the carbon of the 
coal. The heat is produced by the union of the two. 


THE RELATIONS OF HYDROGEN AND OXYGEN TO 
FERTILIZERS, 


82. As already stated, water is formed by the union 
of two gases, hydrogen and oxygen. These elements 
are supplied to plants in the form of water. Growing 
plants contain a larger amount of water than of any 
other constituent. The oxygen and hydrogen of the 
water are separated in the plant, and in this way 
plants secure the hydrogen and oxygen which they 
need to build up their tissues. In this manner, water 
acts as a direct fertilizer. The water is supplied by 
rains to the soil; from the soil it is taken into the 
plant through the roots. In regions adapted jto agri- 
culture, plants receive all the hydrogen and oxygen 
needed, and usually much more, from the rains. There- 
fore, these elements are not considered important ts 
of fertilizers, except, perhaps, that it is desirable to 
have in a commercial fertilizer as little water as pos- 
sible. 

When water is supplied to plants by irrigation, it can 
very properly be led a fertilizer, and an extremely 
important one, too. 

83. In addition to its action as a direct fertilizer, wa- 
ter has an important part to play as an indirect fer- 
tilizer. Thus, it dissolves the soluble food materials of 
the soil, the mineral matter and most of the nitrogen, 
and carries them into the plant. In addition to its ac- 
tion as an indirect fertilizer, water acts as a carrier 
within the plant in transferring from one part of the 
plant to another, as needed, the various products con- 
tained in the plant, just as the blood in the animal 
body carries to every part the nutriment adapted to 
each organ and part. 


NITROGEN. 


84. Occurrence of Nitrogen.--Nitrogen occurs in na- 
ture in the following forms : 
(1) As a constituent of air. 
(2) In the form of ammonia. 
(3) In the form of nitric acid and nitrates. 
(4) In various other forms in plants and animals. 

35. Nitrogen in Air.—Nitrogen, uncombined with 
other elements, forms about four-fifths of the air. 
Since the nitrogen in the air is not combined, we can 

receive its properties for ourselves, and our observa- 

ions show us that it is a gas which has neither color, 
taste, nor smell. 

36. Nitrogen in Ammonia.—Nitrogen combined with 
the element hydrogen forms ammonia. Ammonia is 

resent in the air in pe small quantities. Amwonia 
8s formed when vegetable and animal substances con- 
taining nitrogen decompose. 

Amwonia is a colorless gas, and it is this gas dissolved 
in water which is familiar to us as ammonia water or 
‘spirits of hartshorn,” and which causes the peculiar 
odor of *‘ hartshorn.” 

Ammonia unites with different acids, and forms salts 
much as metals do; these salts we call ammonium 
salts, compounds which do not generally have any 
odor like ammonia. Thus, ammonia combined with 
sulphuric acid forms ammonium sulphate, called by 
some sulphate of ammonia; ammonia combined with 
hydrochloric acid forms ammonium chloride, sowe- 
times called muriate of ammonia, also known as sal 
amtmoniac. 

87. Nitrogen in Nitrates.—Nitrogen, combined with 
pape and oxygen, forms nitric acid or aquafortis. 
If in nitric acid a metal, as sodium, for example, takes 
the place of hydrogen, we have a sodium salt of nitric 
acid or a nitrate formed, called sodiam nitrate, 

When animal and vegetable substances decompose 
in rather warm, moist places, the nitrogen is changed 
into nitrates. This change of the nitrogen of organic 
matter into nitrates is caused by bacteria, which are 
very small living vegetable organisms, and which exist 
everywhere in enormous numbers. The process is 
known as “ nitrification.” 

88. Nitrogen in Animals and Plants, or Organic 
Nitrogen.—Nitrogen, combined with the elements hy- 
drogen, carbon, and oxygen. occurs in plants and in 
animals, Such substances, for example, are the casein 
or curd of milk, the gluten or gumwy portion of wheat, 
the fibrin of blood, the white of egg, etc. When such 
compounds decompose, the nitrogen is first changed 
into ammonia, and then, under proper conditions, into 
nitric acid or nitrates. The nitrogen existing in ani- 
mals and plants is generally spoken of as organic 
nitrogen. 

IN WHAT FORMS IS NITROGEN USEFUL TO PLANTS? 


89. Plants can use nitrogen in three different forms, 


; (1) As nitrogen gas or uncombined nitrogen. 
(2) In the form of ammonia, 
(3) In the form of nitrates. 


All plants cannot use nitrogen in any of these three 
forms equally well, but each form is found specially 
suited to certain kinds of plants, as will be noticed. 

40. Nitrogen Gas used by Plants.—Although we have 
nitrogen gas or uncombined nitrogen existing in the 
air in enormous quantities, still, the number and kinds 
of plants which can use the nitrogen of the air is not 
large. In general, those plants which are called legu- 
minous, such as the bean, pea, clover, alfalfa, ete., can 
take uncombined nitrogen from the air. 

41. Nitrogen of Ammonia used by Plants.—The 
leaves of sowe plants have the power of absorbing 
ammonia directly from the air and obtain nitrogen in 





this way. Some plants obtain nitrogen from ammo- 
nium saits through the soil. 
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A NEW METHOD OF TESTING 
By Dr. Oscar HAKNLE. 


Ir is only about five years back that every ex- 
pert would have condemned as adulterated any honey 
which was found to turn the ray of polarized light to 
the right instead of the left. About that time Dr. 
Haenle succeeded in finding, while traveling, some 
natural (wild) boney which polarized to the right. 
This was subsequently ascertained to be due to the 
fact that the bees fed upon coniferous products, while 
those feeding upon flowers produced levogyre honey. 
While the polariscope had, Coteus this diseovery, been 
generally used as a certain criterion to distinguish 
between genuine and adulterated honey, this instru- 
ment could no longer be employed for the purpose 
without some restriction. The author has now ascer- 
tained that if the honey be dialyzed before the polar- 
ization test is applied, the result is a certain indica- 
tion of the character of the honey. 

I. Haperiments with Honey Collected from Flowers. 
—1. A pure Alsatian honey was dissolved in twice ite 
weight of water. The solution polarized 28° to the 
left (—28°). It was then subjected to dialysis during 
sixteen hours, after which the residue rewaining in the 
- yzer was optically inactive (0°). 

hirty grms. of a pure honey were dissolved in 
1s arms. of water, the solution decolorized and then 
dialyzed. After eighteen hours the residue was inac 
tive. 

3. Fifty grms. of a similar honey were dissolved in 
250 grms. of water. The solution polarized at —11°. 
After sixteen hours’ dialysis the residue was optically 
inactive. On further evaporating the latter and agai 
disiveme. its inactivity remained unaltered. 

Il. Haperiments with Glucose Sirup.—A 10 per cent. 
solution of glucose sirup which polarized +- 100° was 
decolorized and then dialyzed. After sixteen hours it 
still polarized + 5°. The residue was then concen- 
trated, and in proportion as this progressed so rose the 
angle of polarization. 

Haperiments with Honey Purposely Aduilter- 
ated.—-1, Forty grms. of a pure honey, polarized in a 
1 in 2 solution at —35°, were mixed in 10 grms. of giu- 
cose sirup. A 10 per cent. solution of this mixture 
was subjected to dialysis, and the residue was found to 
remain dextrogyrate at -+- 4°. 

2. Thirty grms. of a pure honey was mixed with 20 
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grms. of giucose sirap, dissolved in 250 parts of 
water, and the solution decolorized by charcoal. It 


After twenty-four hours’ dialysis 
the residue retained a permanent polarization of 
+ 14°. After concentrating this residue to half its 
weight, its polarizing angle had increased to +- 60°. 

a. Pitty grms. of a giucose honey were dissolved in 
of water. The solution polarized at + 95°. 
it was then dialyzed and the liquid on the dialyzer 
exumined at intervals of two hours. The following 
is the rate at which polarization decreased until it re 
mained constant : 


polarized at + 65°. 


After 2 hours +- 45° 
vas ~~ sebeekdeee series + 33 
- oe Tew eeseeeoeee ee a +18 
ao ee a Ne ee 16° 
—_e ee 
= an > seacace Se 
~ = ~ eee 09008 je xaeke ele +. 10° 
cae. fe séeuneeseee + 10 
Further dialyzation did not change the angle 
(+ 10°). 


General Conclusions.—Any honey which, after hav- 
ing been dialyzed, does not turn the ray of polarized 
light to the right, is free from glucose. Any honey 
which, after dialysis, retains a permanent dextrogyre 


polarization, contains glucose.—Amer. Druy. and Ph. 
Aly. 
EXTRACTION OF BORAX IN CALIFORNIA. 


IN «2 report of the State mineralogist, Mr. 


lrelan, . 


SCIENTIFIC 





| 


| 





| 





ENT, 


AMERICAN SUPPLEME 


No. 806. 


June 13, 1891, 








liquor, a contemporaneous evolution of ammonia also 
taking place. hen the extraction is complete, the 
mud aud sand are allowed tosettle and the clear liquor 
run off. This yielda, on evaporating and crystallizing, 
a crode borax, somewhat discolored by organie matter. 
A further process of crystallization, with due attention 
to degrees of solubility, results in a high percentage of 
refined borax, with very little loss of the salt in the 
mother liquors. Borax Lake, Lake County, is another 
important deposit. Itis stated that here the first borax 
ever produ in the United States was made. 

The works were situated at a low level close to the 
lake, and wuch trouble and expense was incurred, owing 
to the overflowing of the lake into the works, and the 
undertaking is now abandoned. Little Borax Lake is 
close to the shore of Lake Clear. The water has a 
specific gravity of 1°0588, and the wixture of salts con- 
tains about 25-30 per cent. borax, 8 per cent. sodium 
chloride, and the remainder sodium carbonate. After 
first concentrating by weans of the sun’s action in 
large areas and further concentration in pans, the salts 
are allowed to crystallize. These are then washed 
with cold water, which removes the Na, CO; and NaCl, 
but very little borax. After running off this liquor, the 
partially purified borax is again dissolved in hot water, 
concentrated, and slowly cooled in vats, in which rows 
of strings are suspended. 

TO REMOVE TANNIN FROM TEA 
By H. GRIMSHAW. 

THE tannin present is absorbed by means of suitable 
animal substances, such as horn shavings, dried albu- 
men, hide clippings, and the like. It is preferable to 
add the material to the tea in the dry condition before 
the infusion is made. But it may also be added to 
the infusion, or the infusion may be passed or filtered 
throngh a layer of the substance. The quantity of 
aviwal substance to be added to the tannin-containing 
material must be determined by the amount of tannin 
contained in it. In the case of tea the proportion may 
vary from one to two parts of animal substance to ten 
parts of tea. 
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resume of ‘the sources and methods of extraction of | process of construction. 


Californian borax. 

One of the chief sources is the Searles’ Borax Marsh, 
bearing its name from the first observer of the saline 
deposit, 
for gold in 1862. It is situated in San 
County, 500 miles southeast of San Francisco, and is 
very ditheult of access. Searles did not attach any im- 
portance to the discovery till some time after, when 
borax became an important item in the chewical mar- 
ket ; and he then observed the resemblance of the de- 
posit he had discovered to some samples of borax which 
he was inspecting. He at once took means to develop 
his discovery. 

The marsh is an irregular oval shape, situated in the 
center of a plain, 1,700 feet above the sea level, and 
surrounded with mountains. The basin would ap- 
pear to be the bed of an extensive lake, now dried up, 
having left behind a deposit of mud, salt, a large pro- 
portion of voleanic sand and borax. The rocks sur- 
rounding this basin are chiefly of voleanic origin, and 
abound in the salts found in the deposit. They would 
appear to have been decomposed by the combined ac- 
tion of rain and sun, the water being removed by sub- 
sequent evaporation and the salt beds thus deposited. 
It must have been a lengthy process, as the climate is a 
very arid one, and even now, during excessively wet 
winters, the water collected in the basin does not 
amount toa depth of more than 3 to 4 inches. This 
water is colored darkish brown, and has a specific 
gravity of 1°2413, or about 48° Tw. On evaporation it 
yields salt, carbonate, and biborate of sodium, and 
also a large amount of organic matter. The ground in 
the neighborhood of this partially sabmerged portion 
consists of a hard crust, some? to 12 inches in thiek- 
ness, and contains, aceording to the analysis of Mr. C. 
N. Hake, sand, 50 per cent ; sulphate of sodium, 16 
per cent. ; chloride of sodium, 10 per cent. ; carbonate 
of sodium, 10 per cent. ; and 12 per cent. of borax, 
which exists solely as borate of soda, no borate of cal- 
cium having been found. 

The wanufacturing process, after collecting the 
efflorescence, or crust of saline deposit, consists of ex- 
tracting the soluble salts, by treating with a saline so- 
lation in dissolving vats, which are heated and ulti- 
mately raised to boiling by steam coils. These coils 
are perforated with holes, thus furnishing innumera- 
ble jets of steam which blow through the supernatant 


Mr. J. W. Searles, while he was prospecting | erecting structures of any 
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